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Circuits and Networks 


By GLENN KOEHLER 


Covering material that is basic to all phases of electrical 
engineering, with emphasis on circuit analysis, Circuits and 
Networks gives the student who is familiar with Alternating 
Current Theory a sound foundation for specialized courses. 
Teaching aids include 100 diagrams and charts, practical 
problems using phasor algebra with each chapter, and an 
appendix on skin effect in conductors. 


1955 350 pp. $6.50 


Electrical Elements of 
Power Transmission Lines 


By HERBERT B. DWIGHT 


This book begins with general engineering aspects of 
power transmission lines and computation, and proceeds to 
detailed computation of reactance and capacitance. Only 
an elementary knowledge of trigonometry and calculus is 
needed to work the problems. 


1954 188 pp. $4.25 


Introductory Soil Mechanics 
and Foundations 


By GEORGE B. SOWERS 
and GEORGE F. SOWERS 


Here is a rational, scientific approach to the solution of 
soil mechanics and foundations problems, offering analytical 
methods that are based on sound engineering principles. 
Each problem is described in non-technical terms and is 
followed by a clear statement of the theoretical principle 
involved. Theory is then applied to design and construc- 
tion. Many practice problems, line drawings, and photo- 
graphs supplement the text. 


1951 284 pp. ‘$5.50 


The Macmillan Company 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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New 2d edition... 


ROUTE SURVEYING 


By 
Carl F. Meyer 


Professor of Civil Engineering 
Worcester Polytechnic Institute 


This is a thoroughly revised edition of Meyer’s Route Surveyine, 
currently the most widely adopted text in its field. The basic approach 
and structure of the original edition have been retained, but many 
sections have been extensively rewritten to effect further improvement 
in the clarity of presentation, and new material has been added wherever 
necessary in order to make this the most modern, up-to-date text avail- 
able. Outstanding features of the Second Edition: 


e@ A new chapter has been added on the special applications of photogrammetry 
to route-location. 


@ The chapter on curve problems has been completely revised to accord with the 
new A.A.S.H.O. Policy on Geometric Design. Route SurveyInG is now the 
only text incorporating the important new A.A.S.H.O, recommendations on 
sight distances, superelevations, etc. 


@ The notation in the chapter on vertical curves has been changed to correspond 
with the new A.A.S.H.O. Policy. New material has been added, e.g., the prac- 
tical problem of passing a vertical curve through a fixed point. 


@ The treatment of the mass diagram and its applications has been expanded. 
@ The chapter on spirals has been carefully rewritten and now includes a simple 


traverse solution for the completely-spiraled compound curve. 


Ready January 3 List Price $5.50 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 9, Pennsylvania 
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Reinhold Booke 


TEMPERATURE Its Measurement and Control in Science and Industry 


Volume 2 

Edited by HUGH C. WOLFE, Sponsored by the American Institute of Physics, the National 
Bureau of Standards, and Office of Ordnance Research, U. S. Army. 

Presents the proceedings of the 3rd International Symposium on Temperature, with 
significant material about temperature concept and the phenomena on the basis of 
which temperature can be determined over the range of from .001°K to the tempera- 
tures at the core of an atomic explosion. Experts of many nations, who prepared 
the papers, cover not only their own work, but that of the entire fields of their special- 
ties. 

1955 480 pages $12.00 


INSTRUMENTS FOR MEASUREMENT AND CONTROL 
By WERNER G. HOLZBOCK, Development Engineer, Askania Regulator Co. 


The first book to describe and illustrate all the recent devices for measuring and 
controlling temperature, moisture, pressure, flow, uniformity, etc. In non-mathe- 
matical language, it discusses the design, construction, operation of instruments, 
shows how various instruments compare with each other, and points out the factors 
to be considered in choosing the proper instrument for a particular job. 

1955 416 pages $10.00 


PROBLEMS AND CONTROL OF AIR POLLUTION 


Edited by FREDERICK S. MALLETTE, Executive Secretary, Committee on Air-Pollution 
Controls, The American Society of Mechanical Engineers 

This important new book presents the proceedings of The First International Congress 
on Air Pollution, held in March under the sponsorship of the American Society of 
Mechanical Engineers, and contains papers by the world’s foremost authorities. 
Among the many important subjects covered is the formidable challenge of sulfur 
dioxide to effective control; and there’s a chapter on management aspects telling how 
to avoid pitfalls in community relations over air-pollution problems. 

1955 278 pages $7.50 


HANDBOOK OF BARREL FINISHING 
By RALPH ENYEDY, Westinghouse Electric Corp. 


This is the first work to provide a comprehensive guide to all barrel-finishing opera- 
tions in the metalworking and plastics industries. Use of typical equipment is de- 
scribed and in addition the author presents more than 150 complete specification 
sheets. These show a wide range of parts and give all information necessary to 
finish them properly. In preparing these case histories, Mr. Enyedy draws upon his 
many years of experience as a barrel-tumbling and finishing expert. 

1955 288 pages 7x10 $7.50 


FIFTH SYMPOSIUM (INTERNATIONAL) ON COMBUSTION 
Combustion in Engines and Combustion Kineti 
By The Standing Committee on Combustion Symposia, 
The Combustion Institute, Pittsburgh, Pa. 

Available for the first time in bound form are all of the 101 papers presented at the 
Fifth International Combustion Symposium; the work of 182 contributors from many 
parts of the world. This timely book presents a large and important body of new 
knowledge on combustion problems involved in the efficient operation of all kinds of 
engines. Adding to the book’s interest and scope is a section of round table discus- 
sions among outstanding authorities. 

1955 848 pages 6%’x 10” $15.00 


Send TODAY for Your ON-APPROVAL Copies 


REINHOLD PUBLISHING CORP. 
Dept. M-851, 430 Park Ave., N. Y. 22, N. Y. 
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NEW & FORTHCOMING BOOKS 


INSTRUMENT ENGINEERING 
Volume III: Applications of the Instrument Engineering Method 


Part I—M yst 
By CHARLES S. DRAPER, WALTER McKAY, and SIDNEY LEES, Massa- 
chusetts Institute of Technology. 918 pages, $17.50 


Contains examples in which the theory, methods, and techniques described in 
the first and second volumes are applied to typical cases. Useful methods for 
solving measurement problems are built up in Part I of Volume III by means of 
typical examples, beginning with thermometers that have the simplest possible 
performance equations. The discussions that follow deal with instruments and 
measuring systems of increasing complexity including electrochemical measuring 
devices, pressure-measuring systems, integrators and differentiators, analog com- 
puters, and vibration-measuring equipment. 


PREVENTIVE MAINTENANCE OF ELECTRICAL 
EQUIPMENT, PREVENTIVE PROGRAMS, TROUBLE 
SHOOTING, EMERGENCY REPAIRS, AND 
OPERATING TECHNIQUES 
By Lt. Cmdr. CHARLES |. HUBERT, United States Merchant Marine Academy. 
208 pages, $4.00 
The stress on the all-important aspects of preventive maintenance and emerg- 
ency methods of repair fills the gap in technical and vocational programs. The 
book describes preventive maintenance programs for motors, generators, control- 
lers, electronic apparatus, batteries, transformers, fluorescent lights, etc. Trouble 
shooting methods cover in detail and emphasize emergency repairs that will keep 
the equipment in operation until it can be scheduled out of service. Correct operat- 
ing techniques are presented as a means for strengthening maintenance programs. 


TRANSMISSION-LINE THEORY 
By RONOLD W. P. KING, Harvard University. 524 pages, $12.00 


An unusually rigorous and complete treatment of transmission-line theory on the 
advanced level, concerned primarily with the high-frequency aspects of transmis- 
sion lines and with their steady-state operation. Serves as a necessary and funda- 
mental introduction preceding serious work in wave guides and cavities as well as 
antennas. Develops first the basic electromagnetic theory and derives the conven- 
tional transmission-line equations together with formulas for line constants and all 
approximations involved. Covers the theory of transmission-line measurements, 
coupled section of transmission line, and transmission-line oscillators. It also 
contains an analysis of the unbalanced line, of the hybrid junction, and of baluns. 


INTRODUCTION TO ELECTRONIC 
ANALOGUE COMPUTERS 
By C. A. A. WASS, Royal Aircraft Establishment, Farnborough, England. Elec- 
tronics and Waves—A Series of Monographs. 237 pages, $6.50 
An informed, detailed, and up-to-date report on the present status of analogue 
computing constituting a professional description of analogue differential ana- 
lyzers and their components. After some introductory material, the mathematical 
problem statements of a variety of systems amenable to analogue computer solu- 
tion are treated. These are discussed by means of simple, idealized computing 
networks which serve to introduce the basic characteristics of components. Then, 
the computing components are described in detail, with attention to their inaccu- 
racies, defects, and shortcomings. 


Send for 


McGRAW- HILL 
330 West 42nd Street 
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from McGRAW-HILL 


THE FOREMAN’S HANDBOOK 
Edited by CARL HEYEL, National Foremen’s Institute. 463 pages, $4.50 


This is an authoritative reference book planned and written solely for the foreman. 
Nineteen specialists present the facts needed on every phase of a foreman’s 
functions, from direct responsibilities in handling people, and supervising produc- 
tion, to the background of economic, legislative and management fundamentals 
needed in winning advancement. Here, in concise, usable form, are the working 
data, the actual proved methods, and the carefully sifted background information 
needed to make the most of a job. 


DIESEL OPERATOR’S GUIDE 
By C. MORGAN JONES. In press 


A practical guide to quick and efficient maintenance and operation of all types of 
two-cycle and four-cycle diesel and dual-fuel engines used in, automotive, loco- 
motive, stationary, and marine installations. It tells!how to recognize engine 
trouble-symptoms; how to diagnose their cause; how to remedy the defect; and 
how to prevent its recurring. All types of fuel pumps and their operation and 
maintenance are treated as well as the erection and installation of all types of 
diesel engines, residual oil burning and dual-fuel engines, and super charged and 
inter- and after-cooled engines. 


JOB EVALUATION 
By ELIZABETH LANHAM, University of Texas. 400 pages, $6.00 


A realistic, highly practical book explaining the steps which must be performed in 
installing and maintaining a program of job evaluation, how these should be carried 
out, and who should be responsible for their execution. Underlying management 
principles and philosophies, practices and procedures currently used in business, 
industrial, and government organizations, and recommendations concerning desir- 
able practice are thoroughly discussed. The book first treats the over-all organiza- 
tion required for installing such a program and analyzes each step necessary in the 
construction of a job evaluation plan. Problems of policy formulation and control 
in maintaining and administering a wage and salary plan are also presented. 


HANDBOOK OF FASTENING AND 
JOINING OF METAL PARTS 
By VALLORY H. LAUGHNER and AUGUSTUS D. HARGAN. In press 


A complete manual on methods of fastening and joining metal parts, providing 
design and production departments with a means for comparing various methods 
in fastening or assembling a product. Covers such methods as screw thread and 
nuts, various types of welding, collars, couplings, keys, brazing, and soldering, 
with such information as standards, suitability of various methods for different 
metals and dissimilar metals, and data on strengths. Special problems are covered 
in a unique section of 200 pages of clear picture and caption treatment. 


approval 


BOOK COMPANY 


New York 36, N. 
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A COMPLETE 
PRINTING 
SERVICE . . . 


Goop PRINTING does not 
just happen; it is the result of careful planning. 
The knowledge of our craftsmen, who for 
many years have been handling details of 
composition, printing and binding, is at your 
disposal. For seventy-five years we have been 
printers of scientific and technical journals, 
books, theses, dissertations and works in foreign 


languages. Consult us about your next job. 


PRINTERS OF THE 
JOURNAL OF ENGINEERING EDUCATION 


LANCASTER PRESS, Inc. 


PRINTERS + BINDERS +: ELECTROTYPERS 


ESTABLISHED 1877 LANCASTER, PA. 
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Strength of 


Materials 
By 
FRANK J. McCORMICK 


A concise text for students 
with no mathematical training 
beyond trigonometry. The au- 
thor explains the subject by 
argument, illustration, and ex- 
ample, providing the student 
with an understanding of the 
behavior of structural elements 
in addition to facility in the 
solution of problems. Beam 
deflections are treated more 
fully than in any other text at 
this level. The conjugate beam 
method is used exclusively and 
applied to a study of fixed and 
multiple span beams as well as 
to beam deflection. 


1952 177 pages $3.75 


Design of 
Reinforced 


Concrete 


By 
BORIS W. BOGUSLAVSKY 


Presenting, in simple detail, the 
fundamentals of structural the- 
ory as they apply to the analy- 
sis and design of reinforced con- 
crete members, this text also 
acquaints the student with 
the design procedures and 
techniques commonly employed 
in structural engineering. No 
other book offers the design 
of eccentrically loaded columns 
as presented here. 


Ready late Fall 1955 


material. 


Route Surveys and Construction 


(Third Edition of Route Surveys) 
By HARRY RUBEY 


The third edition of this well-known textbook, based 
on sound practical and academic experience, maintains 
its fundamental approach. It emphasizes professional 
civil engineering, including construction, contracting, 
management, and practical photogrammetry. Un- 
usually complete tables and problems support text 


Ready Spring 1956 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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Selected RONALD Textbooks 


DYNAMICS in MACHINES 
F. R. ERSKINE CROSSLEY, Yale University 


APPLIES the fundamentals of mechanics to dynamic problems of machine 
design, illustrating the effects of flexibility and mass on machine parts in 
motion. Gives full attention to vibration, developing the theme through natu- 
ral frequency by the Rayleigh method, for one degree of freedom. Covers the 
effects of inertia forces on mechanisms in motion, rotating and reciprocating 
balance problems, governors, etc. For the intermediate course. 


390 ills., 463 pp. $7 


Introduction to MECHANICAL DESIGN 


T. B. JEFFERSON, Editor, "The Welding Engineer”; and 
WALTER J. BROOKING, M. W. Kellogg Co. 


PRESENTS the subject from the viewpoint of the engineer actually designing 
machines rather than merely considering their different elements as separate 
problems. Stresses machine’s function, configuration requirements, economic 
aspects, use of empirical design data, and desired appearance. Special attention 
to modern materials, manufacturing methods. 475 ills., tables; 612 pp. $6.50 


HIGHWAY ENGINEERING 


L. J. RITTER, Jr., University of Florida; and 
R. J. PAQUETTE, Georgia Institute of Technology 


MEETS THE NEEDS of both introductory and advanced courses. This up- 
to-date, comprehensive treatment first discusses general aspects such as high- 
way administration, economics and finance, and planning. Geometric design 
is then considered, followed by earthwork operations and equipment, bases and 
surfaces, maintenance, etc. 260 ills., tables; 721 pp. $7.50 


Principles of ENGINEERING ECONOMY 
EUGENE L. GRANT, Stanford University 


PRINCIPLES governing economic aspects of engineering decisions; tech- 
niques of answering “Will it pay?” questions in engineering situations. Book 
treats tax factors, changing price levels, depreciation practices, replacement 
policy, etc. Includes examples from many engineering fields. Teacher’s Man- 
ual available. 3rd Ed. 80 ills., tables; 623 pp. $6 


JOB EVALUATION METHODS 
CHARLES WALTER LYTLE, New York University 


SECOND EDITION of this successful textbook surveys job evaluation ana- 
lytically according to the functional steps involved. Investigates and compares 
the various devices and techniques employed; analyzes in detail the ways in 
which job evaluation plans are devised, set up, and made to operate. Includes 
many forms, graphs, and case materials. 178 ills., 507 pp. $7.50 


The Renald Press Company 
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for the Engineering Curriculum 
GAS TURBINES for AIRCRAFT 


IVAN H. DRIGGS, U. S. Naval Air Development Center; and 
OTIS E. LANCASTER, Asst. Director, Research Div., 
Bureau of Aeronautics, Dept. of the Navy 


COVERS fundamental principles of thermodynamics and flow phenomena 
and variations in power-plant characteristics which may be affected by 
changes in design parameters. Includes most recent work on engine cycle 
analysis and gas flow through ducts. Comprehensive coverage minimizes the 
necessity to refer to other books or reports. 223 ills., tables; 349 pp. $10 


The DYNAMICS and THERMODYNAMICS 
of COMPRESSIBLE FLUID FLOW 
ASCHER H. SHAPIRO, Massachusetts Institute of Technology 


ALL-INCLUSIVE, unified treatment of compressible fluid mechanics in two 

volumes. Ranges in scope from fundamentals to analytical development of 

design methods and advanced exemplary methods. All important results re- 
duced to chart form. Ideal as an introductory text or for reference. 

Vol. I: 635 ills., tables; 647 pp. Vol. II: 560 ills., tables; 537 pp. 

Per Vol., $16; Per Set, $30 


GAS TURBINES 
HARRY A. SORENSEN, State College of Washington 


THERMODYNAMIC PRINCIPLES, elements of design, and the construc- 
tion features of gas turbines. Material is arranged for individual presenta- 
tion of each topic. Distinguishing characteristics of each type of power 
plant developed under pertinent subject matter. Special attention is given 
to the axial-flow compressor and turbine. 432 ills., tables; 460 pp. $6.50 


Fundamentals of ELECTRICAL ENGINEERING 
RALPH A. GALBRAITH and DAVID W. SPENCE—both of 


Syracuse University 


THIS NEW VOLUME stresses fundamentals in terms of scientific princi- 
ples rather than direct experimental observations. Covers principles of elec- 
tron theory of matter, circuit elements, electric energy sources, d-c circuit 
action, ete. Develops laws, concepts with data on range of frequencies and 
apparatus dimensions in which static relations can be applied. 

281 ills., tables; 425 pp. $6 


ELECTRIC POWER TRANSMISSION 


JOHN ZABORSZKY, Washington University; and 
JOSEPH W. RITTENHOUSE, University of Missouri 


COMPLETE SURVEY of the power system and transmission lines in the 
steady state, in terms of today’s needs, achievements, and opportunities. 
Covers the universal circle diagram, new methods of power system loss cal- 
culation, operating techniques such as load-frequency regulation. Describes 
new method of dealing with transformer mismatch. 

344 ills., tables; 676 pp. $12.50 
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The Finest in Their Fields 


PRINCIPLES OF 
NUCLEAR REACTOR ENGINEERING 


By Samuel Glasstone 


Long awaited by scientists and engineers, this is the first com- 
plete reactor engineering book published under contract with the 
U. S. Atomic Energy Commission. Drawing upon the most ad- 
vanced research at the Oak Ridge National Laboratories, it encom- 
passes the entire range of novel scientific and engineering problems 
encountered in the design and construction of nuclear reactors. 
Samuel Glasstone, Consultant to the U. S. Atomic Energy Com- 
mission, has produced a compactly organized review of reactor 
engineering. Its ample appendix gives conversion factors and the 
physical properties of most materials required for reactor construc- 
tion. It starts from fundamental principles which are generally 
uncomplicated and well understood, and traces the vast number of 
unique difficulties which arise when these principles are applied to 
nuclear reactors. 861 pages $7.95 


STRENGTH OF MATERIALS 


By Stephen Timoshenko 
PART I. ELEMENTARY THEORY AND PROBLEMS 


In preparing the third edition of this widely used and widely 
adopted work (published just this Spring), Professor Timoshenko 
has simplified derivations as much as possible; students with the 
usual preparation in mathematics can read and understand the 
topics without undue difficulty. New chapters have been added 
on “Bending of Beams in a Plane Which Is Not a Plane of Sym- 
metry” and “Curved Bars,” and new material is incorporated 
throughout the book. 434 pages $6.00 


PART II. ADVANCED THEORY AND PROBLEMS 


Part IT of this standard work on strength of materials, thoroughly 
revised in this new third edition, features a completely rewritten 
chapter on mechanical properties of materials. Almost doubled in 
size, this chapter is virtually a textbook in itself. It includes such 
topics as the behavior of both brittle and ductile materials, the 
behavior of individual crystals in a metal, the phenomenon of 
yielding, fractures of materials, tension and compression tests, 
tests under combined stresses, strength theories, impact tests, and 
fatigue of metals. For January Publication 


D. VAN NOSTRAND COMPANY, INC. 


Publishers Since 1848 
120 Alexander Street Princeton, New Jersey 
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A SINGLE TEXT—for both drawing and geometry courses . . . 


ENGINEERING DRAWING and GEOMETRY 


By RANDOLPH P. HOELSCHER and CLIFFORD H. SPRINGER, 
both of the University of Illinois. 


Here, in a single volume, is all the material needed for work in basic 
drawing courses, fundamental descriptive geometry, and advanced 
courses for sophomores in the professional fields. Drawing on a total 
teaching experience of seventy years, plus many years of engineering 
practice, its authors have produced a text that combines the virtues of 
traditional approaches and modern trends in engineering education. 


Material is presented in a way that stimulates creative imagination, 
develops visual perception in three dimensions, and promotes original 
thinking. The text follows a set of objectives endorsed by leading 
authorities in the field. 


Check these features. . 


@ Covers both engineering eennien and engineering (descriptive) geom- 
etry—gives continuity to the two courses and eliminates the need 
for two systems of nomenclature. 


@ Axonometric projection is covered, as well as standard isometric and 
oblique. 

Includes up-to-date material on interchangeable design, covering 
geometrical and positional tolerancing. 

® Presents special information on shop practice. 

Chapters on map drawing, structural drawing, architectural drawing, 
and pipe drawing are complete enough for advanced professional 
drafting courses. 

® Shows complete appendix tables for use in the drafting room. 

® Contains a new approach to problems of dimensioning and shop 

practice. 

® Includes problem material designed to make students use their theory 

—working from written instructions and correcting errors. 

® Workbooks are available in both drawing and geometry (new work- 

books will be published annually until there are at least four entirely 


different workbooks in each course) with emphasis on the applica- 
tion of theory to practical problems. 


Ready in Fanuary. Approx. 484 pages. Prob. $8.00. 


Send for an examination copy. 


See page 12 for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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Important new books for engineering courses .. . 


ELECTRONIC TRANSFORMERS and CIRCUITS, Second Edition 


By Reuben Lee, Westinghouse Electric Corporation. Offers the student the most 
useful data on the design of transformers for electrical apparatus and on the effects 
of transformer characteristics on electronic circuits. The second edition has been 
expanded to cover many recent developments. /955. 360 pages. $7.50. 


DESIGN of PRESTRESSED CONCRETE STRUCTURES 


By T. Y. Lin, University of California, Berkeley. Covers all phases of prestressed 
concrete structures, emphasizing American methods and conditions. Simplicity marks 
the presentation, and formulas, tables, and graphical methods are introduced in such 
a way that both preliminary and final designs can be made with ease. 1955. 456 
pages. College Edition, $9.75. 


AIRCRAFT GAS TURBINES 


By C. W. Smith, General Electric Company. A fundamental treatment which 
stresses the basic principles behind the design, testing, and installation of aircraft 
gas turbines. One of a series written by General Electric authors for the advancement 
of engineering practice. Ready in Fanuary. Approx. 470 pages. Prob. $8.50. 


PRINCIPLES of FARM MACHINERY 


By Roy Bainer and R. A. Kepner, both of the University of California, and E. L. 
Barger, Massey-Harris-Furgeson, Inc. Presents farm machinery from the engineering 
viewpoint, with emphasis on the functional requirements and principles of operation 
of the basic types of field machinery. 1955. Approx. 576 pages. Prob. $8.50. 


INDUSTRIAL FURNACES, Volume Il, Third Edition 


By W. Trinks, Carnegie Institute of Technology. More than half of this volume has 
been rewritten, with 117 new charts and new illustrations. Contains the latest avail- 
able information fuels and electrical energy, plus added material on new equipment 
and new types of furnaces. 1955. 358 pages. $10.00. 


HANDBOOK of ENGINEERING MATERIALS 


Prepared by a staff of 51 specialists, edited by Douglas F. Miner, Carnegie Institute 
of Technology, and John B. Seastone, Olin Mathieson Chemical Corporation. Gives 
the student maximum help in the selection and use of materials. A new volume in 
the famous Wiley Engineering Handbook Series. 1/955. 1382 pages. $17.50. 


Send today for examination copies. 


See page 11 for news of other Wiley Books. 


JOHN WILEY & SONS, Inc., 440-4th Ave., New York 16, N.Y. 
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Do You Know— 


p A special letter from the Treasurer 
was enclosed with all dues statements sent 
to those who were delinquent. The num- 
ber delinquent seemed unduly large and 
the number to be dropped for non-pay- 
ment of dues for two or more years looked 
as though it would increase greatly. The 
Executive Board and the Financial Policy 
Committees approved the procedure at 
the Annual Meeting. It also seemed as 
though many were terminating affiliation 
with the Society by discontinuing their 
dues payments instead of resigning. Fol- 
lowing the latter method simplifies the 
work in the Secretary’s office and is pre- 
ferred. The letters sent also afforded an 
opportunity to check the correctness of 
some of our records. 


> The Constitution and By-Laws of the 
Society state, “An individual member who 
has been in good standing for twenty-five 
(25) years or more, who has reached the 
age of sixty-five (65) years, and who has 
retired from active professional life, may, 
upon written request, be designated as a 
life member by vote of the General Coun- 
cil, and shall thereafter be exempt from 
payment of dues.” Long-time, loyal 
members should request such status in- 
stead of resigning. Many members do 
wish to continue their financial support 
of the Society after their retirement and 
to them we are indeed grateful. We try 
to prevent resignations of long-time mem- 
bers by calling their attention to the life 
membership provisions, but we can’t be 
sure we catch everyone, particularly if 
they just stop paying dues and say noth- 
ing to us. 


> All of you received the Yearbook 
Information Card in September. Did you 


return it? Did you inform us of your 
change of address and change of title? 
The correctness of addresses and titles 
are important aspects of the Yearbook 
information and if you don’t send them 
to us the value of the Yearbook is lessened. 
Maybe we can still get a change made if 
you hurry, but remember we want the 
February Yearbook issue to come out 
in February and can’t wait for many late 
changes. 


B® At the Annual Meeting ECRC was 
granted permission by the General Coun- 
cil to establish an annual award for out- 
standing research. The first award will 
be made at the 1956 Annual Meeting. A 
gift from outside ASEE is being sought 
for the award, but pending such a grant 
the necessary funds will come from the 
ECRC reserve fund. The award is to con- 
sist of a gold medal and a certificate. As 
soon as details of the method of selection, 
ete. are determined they will be published. 
This award appropriately fits into the pat- 
tern of the other Society awards—Lamme, 
Westinghouse, and McGraw. 


B® The General Council also granted 
ECRC approval to seek funds from the 
National Science Foundation for a study 
to determine the research needs of the 
engineering sciences and the ways by 
which they shall be met. Most of the 
other branches of science have made or 
are making such studies and it is ap- 
propriate for engineering to make the 
same type of study. It is to be an ASEE 
project covering a two-year period of 
time and costing $40,000. The work will 
be directed by ECRC personnel and, 
among other things, will consist of visits 
to universities and research laboratories. 
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B® In the October issue of the JouRNAL 
there were brief announcements about 
the Lamme, Westinghouse and McGraw 
awards. Preparing adequate material to 
accompany a nomination requires much 
time and effort. If you have a candidate 
for an award in mind, active work on the 
collection of material should begin now. 
The committees making the selections 
have an unenviable task and their deci- 
sions aren’t always easy to make. We 
should cooperate by having all material 
in good condition and submitted as early 
as possible. 


B® All YETs should begin thinking 
about their paper contest. Each Section 
chooses a winner and their papers are 
then judged by the national judging com- 
mittee. Last year a few sections did not 
submit a paper! That is most unfortu- 
nate and shouldn’t happen again. Sec- 
tion officers and deans, as well as YET 
organizations, should promote participa- 
tion. The first place winner receives $200 
and second place $100. There also is an 
honorable mention. The awards are made 
at the Annual Banquet, the winning pa- 
pers are presented at the Annual Meeting, 
and the winners’ institutions are requested 
to pay their expenses to the Annual Meet- 
ing. In addition, all papers submitted 
for the national competition are consid- 
ered for publication in the JouRNAL OF 
ENGINEERING EpucaTIoNn. 


B® Questions are frequently asked about 
Section and committee chairmen. The 
former are listed in each issue of the 
JOURNAL on the Section Meetings page; 
the latter always appear in the October 
issue of the JourNaL. The representa- 
tives on the General Council and the offi- 
cers of the Society always are listed on 
page two (2) of each JourNnau. It is 
hoped a complete list of ASEE commit- 
tee members will appear in the Decem- 
ber JOURNAL in addition to the February 
Yearbook issue. 


B® The minutes of the meetings of the 
Executive Board and General Council are 


on pages 290 and 294. These are essen. 
tially as they appear in the records of the 
Society, except that most of the commit. 
tee reports attached as appendices ar 
not included. Most of these reports ar 
being published separately in order t 
attach appropriate significance to their 
contents. 


®& The initial printing of 1000 Edues. 
tional Aids is sold out. A second printing 
of 1000 is now available—so, send in you 
dollar and you'll get your copy. Also, 
is there a need for another volume cover. 
ing other branches of engineering? You 
who are doing the actual teaching must 
determine this need: Some money is avail- 
able for additional work. As soon as the 
need and the desire are indicated the 
Executive Board will appoint a new 
committee. 


B® Plans are being developed for fou 
Summer Schools for 1956. The Divisions 
sponsoring them are Civil Engineering, 
Drawing, Humanistic-Social, and Mechan- 
ics. All are being planned for about the 
time of the Annual Meeting. The con 
tinued desire for these schools during the 
past few years indicates their value and 
the desire of those in the particular areas 
of engineering to get together and sen- 
ously “talk shop” about common prob- 
lems and practices. Every Division could 
profitably devote a summer school to 4 
consideration of the report on Evaluation 
of Engineering Education. 


B® The Relations With Industry Div- 
sion is holding its annual College-Industry 
Conference at Marquette University o 
January 25 and 26. The theme of the 
meeting will be “The Humanistic-Social 
Approach as an Aid to Engineering.” 
Marquette is celebrating its 75th anti 
versary and the holding of this Confer- 
ence is part of their celebration. This 
meeting is becoming more important each 
year; there is no doubt about the grovw- 
ing interest of industry in education. 
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DO YOU KNOW— 213 
p Plans are being made to ask all Sec- PB» Don’t forget about the “Nuclear En- 
tions to publicize the 1956 Annual Meet- gineering and Science Congress” at Cleve- 
ing at Iowa State at their meetings. It land, Ohio on December 12-16. Engi- 
is hoped the Section officers and host in- neers Joint Council, of which ASEE is a 
ditutions will cooperate with Lowell O. participating society, 1s coordinating the 
Stewart and his committee at Iowa State. Cfforts of 26 Engineering and Scientific 
This is a step in the coordination of See- Groups interested in the subject. 292 
‘ion Meetings and the Annual Meeting, technical papers will be presented. See 
something which seems desirable. “Aim page 268 for more details. 

for Ames in ’56” for the week of June W. LeicHton Coins 
25-29! Secretary 


Humanistic-Social Stem in Engineering 
Education Bibliography 


The staff of the Cooper Union Library has prepared a completely revised and 
more comprehensive edition of the bibliography, The Humanistic-Social Stem in Engi- 
neering Education. Chronologically, the bibliography cover this area from 1876 
through May, 1955. It is especially applicable to the fields of chemical, civil, elec- 
trical, and mechanical engineering. One complimentary copy of the bibliography will 
be sent to each ASEE member who will tear off and complete the form below and 
snd it to Joseph N. Whitten, Librarian, The Cooper Union, Cooper Square, New 
York 3, New York. 


Please send me a copy of the 1955 revised edition, 
The Humanistic-Social Stem in Engineering Education. 


Proressor Epwin C. McCuintock 
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Meet Professor Edwin C. McClintock, 
New Journal Editor 


Professor Edwin C. McClintock will 
sneceed Professor C. E. Watson as Editor 
of the JOURNAL OF ENGINEERING Epuca- 
non effective October 1, 1955. His ap- 
pointment fills the gap left by the un- 
timely death of Professor Lisle A. Rose, 
vho was to have been the new editor. 
Due to the long-range production schedule 
of the JourNAL, Professor Watson will 
plan and supervise all issues of the Jour- 
ya through the December, 1955 issue. 
Professor MeClintock’s editing will be- 
gin with the January, 1956 JouRNAL. 

The new editor, formerly on the faculty 
of the University of Virginia, recently ac- 
epted an appointment at the University 
of Illinois as Professor of General Engi- 
neering, Director of Engineering Infor- 
mation and Publications, and: Engineering 
Experiment Station Editor. Professor 
McClintock will spend one-fifth of his 
time as editor of the JourNau and four- 
fifths of his time on his other duties. 

Professor McClintock was born Feb- 
nary 3, 1914, at Monterey, California. 
His family moved to the East where he 
received his early education in Washing- 
ton, D. C., schools. He earned his B.A. 
at the University of Virginia, majoring 
in literature, speech, and social theory. 
He continued with graduate studies at the 
University of Virginia. 

In 1939, he was married to Elizabeth 
Kepner of Charlottesville, Virginia. They 
have two sons, Richard Clare, 11, and 
Robert White, 8. 

In 1940, after holding concurrent part- 
time instructorships in speech and Eng- 
lsh, Professor McClintock was appointed 
ustructor in English in the unique hu- 
manities program for the School of Engi- 
leering at the University of Virginia. He 
tose to Acting Professor and Acting Head 
of the Department of English in the 
School of Engineering in 1951. He was 
ncharge of editing catalogues and official 
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publications for the University for several 
years. After training at the Library of 
Congress, he was placed in charge of de- 
veloping and administering an engineer- 
ing and science-technology library at the 
University. 

After joining the ASEE in 1939, he be- 
came active in the English and Social- 
Humanistic Divisions. He has been a 
member of the Engineering School Li- 
braries Committee and is a member of 
the Publications Committee. He is a 
member of Phi Beta Kappa, Omicron 
Delta Kappa, and Delta Sigma Rho. His 
professional connections inelude the Spe- 
cial Libraries Association, American Li- 
brary Association, Association of Special 
Libraries, American Business Writers As- 
sociation, College English Association, So- 
ciety of Professional Writers and Editors, 
and Illuminating Engineering Society. 

Among his publications are papers on 
training scientists and engineers for in- 
dustrial and special library techniques, re- 
search resources of British metallurgical 
libraries, and two books (in the process 
of publication) on grammar, composition, 
and advanced scientific writing and 
speaking. 

Professor McClintock has been con- 
cerned with the development of humanities 
courses in engineering schools, with the 
encouragement of secondary school inter- 
ests in science or technology, and with im- 
proved methods of guidance for science- 
minded school or college students. He 
has been active in the Junior Academy of 
Science work in Virginia and chairman of 
the State Science Talent Search. With 
J. L. Vaughan, another ASEE member, 
he recently developed a pioneer course for 
secondary school teachers exploring sci- 
entific resources and communications meth- 
ods helpful to science teaching in second- 
ary schools. 
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Education for Research in Industry* 


By CHALMER G. KIRKBRIDE 
President, Houdry Process Corporation, Philadelphia, Penna. 


Before we get involved in trying to de- 
termine what should be done to prepare 
the young engineer for industrial research, 
let us review briefly the history of the 
development of industrial research. Then 
let. us consider what qualities we would 
like to develop in the embryo researcher. 

What is research? There are many 
millions of dollars spent each year on 
work that is classified by some as indus- 
trial research, but I would not so classify it. 

Research is defined by Webster as dil- 
igent, studious inquiry or examination in 
seeking new facts or undiscovered prin- 
ciples. This is good but I would want to 
stipulate also that research is done in the 
mind rather than in the laboratory or li- 
brary. It is a mental attitude that dis- 
tinguishes it from mere scientific or tech- 
nical work. Experimental work is done 
in research merely to assist and verify. 

The use of the experiment to assist in 
research was scorned by the Greek philos- 
ophers. At that time the intellectuals pre- 
ferred to accept some untested and even 
invalid premise as a basis from which one 
could philosophize to the construction of 
completely new systems without the aid 
of experiment. Experiment was scorned 
because that was likened to the practice 
of slaves. The acceptance of experiment 
as an aid was, therefore, too much for the 
intellectuals at that time. Without trying 
to be facetious, I suspect that another 
reason for scorning the experimental 
method may have been that the intellec- 
tuals did not want their theoretical con- 
clusions confused by the facts. I might 


* Presented at the General Session, An- 
nual Meeting of ASEE, Penn State Univer- 
sity, June 22, 1955. 
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say that even today there are man 
pseudo researchers of that attitude wh 
classify themselves as intellectuals. 

It was not until near the end of the six. 
teenth century before the experiment 
method was adopted as an aid in the study 
of nature. Galileo and Francis Bacw 
perhaps were the first to advocate th 
use of experimental methods in resear¢. 
During the past three and a half centuris 
the use of experimentation in research hi 
developed at a phenomenal rate. 

Prior to the early part of the twentieth 
century, industrial research was almost 
non-existent. It was carried on by it- 
dividual inventors. But after World Wa 
I, industrial research developed exponen 
tially with time. Furthermore, this 
growth has taken the direction of orgar- 
ized research in which investigations ar 
conducted by teams of inventors or r 
searchers as opposed to individuals. 

Accomplishment by team-work far e- 
ceeds that attainable by a like number of 
individual investigators of equal co- 
petence. Of course, thinking is individu 
in nature but it is catalyzed by team effort 
if the team is managed properly. Wit 
proper management, a closely knit team 
can be developed, the members of whith 
stimulate creative thinking in each othe 
toward a common objective. Unless thi 
is attained, the group will work as sep- 
arate individuals that do not catalyz 
each other. 

Since research is done in the misl 
rather than in the laboratory, it is essel- 
tial that all conditions be favorable to th 
stimulation of team effort. Worried mint 
are not productive in research. 


JourNAL oF ENGINEERING Epucation, Nov., 1985 


Now, | 
sired in t 
dustrial 
conclude : 
he should 
operation 
lems ofte 
graduate 
other hig 
entists. 
has neglec 
ity to wo1 

Also, t 
has been t 
intellectus 
too much 
factual kr 
ing how t 
fortunate 
avoid the 
ingenuity 
tional met 
are basec 
groups al 
into one Oo 
as stupid 
though h 
This proc 
imaginati 
erammar 
secondary 
It is one ¢ 
education 

The pr 
being abl 
solution t 
has been | 
fully wee 
the limits 
consideral 

As othe 
engineer, 
study and 
has devel: 

He she 
should be 
self-confid 
He should 
adeep ser 
be able to 

But th 


are Many 
titude wh 
als, 

of the six. 
perimental 
1 the study 
cis Bacon 
vocate the 
1 research, 
f centuries 
search has 
e. 

twentietl 
ras almost 
on by it- 
Vorld War 
| exponer- 
nore, 
of orgar- 
ations are 
ors or I 
luals, 

rk far er 
number of 
qual con- 
individual 
effort 
ly. With 
knit team 
of which 
each other 
Jnless this 
rk as sep- 
t catalyze 


the min 
t is essel- 
able to the 
ried mint 


1, Nov., 198 


EDUCATION FOR RESEARCH IN INDUSTRY 217 


Now, let us consider the qualities de- 
sired in the young engineer entering in- 
dustrial research. Immediately we can 
conclude from the discussion thus far that 
he should have the ability to work in co- 
operation with others. One of the prob- 
lms often encountered with the young 
graduate is to fit him into a team with 
other highly trained engineers and sci- 
entists. Too often, his training in school 
has neglected the development of his abil- 
ity to work in a team. 

Also, too often, his training in school 
has been too much in the direction of robot 
intellectuality—too much standardization, 
too much devotion to the assimilation of 
factual knowledge at the expense of learn- 
ing how to think imaginatively. It is un- 
fortunate that we have not been able to 
avoid the repression of imagination and 
ingenuity of students in our mass educa- 
tional methods. Mass education processes 
are based on classifying students into 
groups and if a chap happens not to fit 
into one of these groups he often is labeled 
as stupid and cast by the wayside even 
though he may be highly intelligent. 
This process of repressing the student’s 
imagination and ingenuity is started in 
grammar school and continues through 
secondary school and into college work. 
Itis one of the unfortunate faults of mass 
education methods. 

The present day graduate is strong in 
being able to carry out a mathematical 
solution to a problem after the problem 
has been defined for him. But he is piti- 
fully weak in recognizing and defining 
the limits of a problem. He could stand 
considerable strengthening in this regard. 

As other desirable qualities in the young 
engineer, he should have the ability to 
study and in addition let us hope that he 
has developed the habit of studying. 

He should be of high integrity. He 
should be courageous. He should have 
slf-eonfidence. He should have energy. 
He should be determined. He should have 
adeep sense of responsibility. He should 
be able to think creatively. 

But the most desirable quality of all 


is sound judgment. Some are born with 
this quality, but most people must de- 
velop it if they ever get it at all. 

Yes, all those qualities are desirable 
for our young graduate entering indus- 
trial research. However, these same qual- 
ities are desirable for the young engineer 
entering almost any other field of engi- 
neering practice. Hence, I come to the 
conelusion that the student should not be 
trained specifically for industrial research. 
Of course, the aptitude of the young man 
for industrial research must be favorable 
but that is another matter. 

I want to make it clear, then, that I am 
opposed to any educational program that 
attempts to prepare an engineer for a 
specific niche in life. It is unfortunate 
that the interests of so many students are 
encouraged only down narrow paths so 
that in effect they are led into ruts from 
which many of them never emerge. Other 
interests these students may have had are 
too often allowed to go undeveloped and 
finally to die. : 

It is essential, in my opinion, that the 
student be trained so that he may enter 
his professional practice with a maximum 
of self-confidence and courage. A broad 
intensive training is needed because the 
young engineer will not be able to select 
the obstacles that fall in his path. He 
must be able to endure hardships and dis- 
appointments in his work because it is 
during periods of hardship that we learn 
the most. We must be conditioned by 
hardships to prepare us for greater re- 
sponsibilities. 

Hence, what I have to say about the 
academic training needed to prepare the 
young engineer for industrial research will 
be equally applicable to prepare him for 
many other fields of engineering practice. 


Broad Training Proposed 


A proper objective of education is first 
to develop well balanced men and women 
who not only are able to fit into society 
but also who have the ability to lead 
society. This objective is just as much 
a responsibility of engineering education 
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as it is of other branches of education 
such as law, literature, theology and 
journalism. 

The engineer should not be trained spe- 
cifically for industrial research. His edu- 
cation should not be given undue emphasis 
even though his immediate interests may 
lie in that direction. 

It is true that research is a field for 
young men. On the average their ability 
to think creatively increases until the age 
of 25 to 30 years. Then it seems to level 
off for the next five to ten years. After 
that the decline in creativity takes place 
at an increasing rate. 

Furthermore, the interest of the engi- 
neer in research seems to go through 
somewhat the same type of change. John 
Mills in his book, “The Engineer In So- 
ciety,” showed how the aptitude of the en- 
gineer for research declines as he gets 
older. If the total interests of the well 
adapted young research engineer is divided 
on the basis of a scale of 100 among ideas, 
things, people, and symbols it would be 
something like 60 for ideas, 25 for things, 
10 for people and 5 for symbols. How- 
ever, as the engineer grows older his in- 
terests change so that his greatest interest 
first turns to things, then to people and 
finally to symbols. Therefore, the young 
research engineer will probably pass on 
into other fields of enginering practice 
such as administration, design, construc- 
tion, manufacturing, and sales. It would 
be unfortunate indeed if his education had 
not been sufficiently broad so as to be of 
value to him in these later endeavors. 

The engineer should be given broad 
fundamental training which is applicable 
to all fields of engineering practice. The 
engineer of tomorrow must grapple with 
problems that the engineer of today has 
been unwilling if not unable to face. The 
engineer, together with his scientist coun- 
terpart, is primarily responsible for the 
creation of the American economy. Never- 
theless, the modern engineer has devoted 
no significant effort toward directing this 
economy. He has been content to leave 
by default the job of directing to lawyers, 
labor negotiators, politicians, news com- 
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mentators, economists, military leaders, 
and others who know less about his creg- 
tion than he. The same type of mind that 
created the economy is needed to direct it, 
In the formation of our Republic, such 
men as Washington, Franklin and Jeffer. 
son were perhaps the outstanding leaders, 
These men had a knowledge of science and 
engineering as it existed at that time, in 
addition to a knowledge of law. Ani 
of greater importance they had the sci- 
entific approach to the solution of prob- 
lems. The engineer of tomorrow must 
take a major share of the direct respon- 
sibility in directing the destiny of our Na- 
tion comparable to that taken by Wash- 
ington, Franklin and Jefferson. 


Training in Inductive Thinking Needed 


The present day training given the stu- 
dent engineer, even through the doctorate, 
is concentrated (1) in the assimilation of 
factual knowledge, and (2) in the applica- 
tion of deductive logic. Rarely is any 
significant attention devoted to the appli- 
cation of inductive logic. 

Now before going further, I want to 
make certain that you understand what I 
mean by deductive and inductive thinking. 
Deductive thinking is the process of rea- 
soning from the general to the particular. 
Therefore, it involves reasoning from a 
general principle or law to a specific situa- 
tion. Inductive thinking, on the other 
hand, is the process of reasoning from the 
particular to the general. Therefore, it 
involves reasoning on the basis of specific 
situations or random facts to a general 
principle or law. 

As an example, the first, second and 
third laws of thermodynamics were at- 
rived at by inductive thinking. They were 
established on the basis of countless ob- 
servations of specific situations. There is 
no proof for these laws other than ex- 
perience. However, once these laws are 


accepted the entire subject of thermo- 
dynamics is developed by use of deductive 
thinking. Inductive .thinking is not i- 
fallible but the process of deductive think- 
ing is rigorous. If a proposition is true 
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miversally, it is true in any specific case. 
The maximum attainable by inductive rea- 
ning, on the other hand, is only a high 
iegree of probability. It is highly prob- 
able that the sun will rise and set tomor- 
row but we cannot prove that it will. 

Even though inductive reasoning is not 
rigorous, it is an invaluable process of 
thinking in all fields of engineering prac- 
tiee, but particularly in the field of re- 
garch. Inductive reasoning requires a 
meat deal more applied imagination and 
ingenuity than does deductive reasoning. 
Inductive thinking has been ignored, rela- 
tively speaking, in our educational proc- 
ages even though it has been the method 
of thinking by which general principles 
md laws of greatest import have been 
established. Its usefulness derives from 
the understanding that there are invari- 
able effects produced by natural causes. 
Observation of these effects leads to dis- 
every of apparent uniformities or rela- 
tionships which provide the basis for 
etablishing universal laws or general 
principles. 

It was primarily deduction that helped 
to develop Euclidean geometry and the 
Scholastic philosophy. But it was induc- 
tin that produced the Copernican system, 
Newton’s principles of gravitation and 
notion, and Darwin’s theory of evolution. 
The great scientists of the past who are 
reeognized today were invariably masters 
at inductive thinking. I do not recall a 
single one that gained recognition by his 
ibility at deductive reasoning. It was 
their inductive reasoning that distin- 
guished them from the “run of the mill” 
scientist. 

Perhaps it would be well at this time to 
determine why inductive reasoning has 
been given so little attention in education. 
Inductive reasoning is a method of think- 
ig of free people. As long as education 
8 to serve autocratic state or church 
nlers, there is no place or need for indue- 
lve reasoning. The general principles 
and laws will be determined, not by indue- 
lve reasoning, but by decree of the rulers. 

The old Greek or Roman conception of 
education was to serve the state. In more 
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modern times, Hitler and Stalin, among 
others, followed the same line. 

In early Christian education, “catechu- 
menal” and “eatechetical” schools were 
established to teach and defend the dogmas 
of the church. However, at the end of the 
Middle Ages a new class of people came 
into being which was called merchants. 
They initiated vocational schools so that 
their children could follow their father’s 
particular trades. Thus, appeared the 
guild and town schools with vocational 
rather than religious purposes. This rad- 
ical change was introduced by the Renais- 
sance challenging the church’s control of 
education together with the Luther Refor- 
mation which proposed education for all 
the people and held that everyone should 
read and interpret the Bible “according 
to his own understanding.” 

At this point in the history of educa- 
tion, a place was made not only for de- 
ductive reasoning, attributed to Aristotle 
(384-323 B. C.), but also for inductive 
reasoning, attributed to Francis Bacon 
(1561-1626). Bacon understood the 
danger of prejudices, the value of sci- 
entific knowledge, and the necessity for 
clear and accurate thinking leading to 
hypotheses. Even so, there is reasonable 
doubt that he had any significant ability 
for inductive reasoning. His contempo- 
rary, Galileo, probably far excelled him 
at inductive reasoning but it was Bacon 
who had the influence on education and 
influenced it in the direction of inductive 
processes. 

For the past three centuries, educators 
and philosophers have been trying to de- 
termine what should be taught in our 
schools and what are the principles of 
thinking. Fortunately, Bacon’s basic 
ideas seem to have prevailed. Inductive 
reasoning in a free society appears to be 
ready for intensive development not only 
in the scientific and engineering fields but 
also in the political, social and economic 
life of the United States. 

The engineer in research uses both de- 
ductive and inductive thinking. However, 
the differences between the creative abil- 
ities of individuals in research is reflected 
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probably more than anything else by the 
differences in their abilities to use induc- 
tive reasoning. The most creative may 
not be the strongest at deductive thinking 
nor the best posted in factual knowledge 
but he will surpass all others at inductive 
reasoning. 

In research the engineer often employs 
unfounded hypotheses to assist him in his 
creativity. He makes observations of end 
results and he often tries to determine the 
path that was followed in reaching these 
end results. By using inductive reasoning 
with applied imagination, the researcher 
is able to set up an hypothesis which could 
explain by deductive reasoning the ob- 
served end results. Then the researcher 
goes about the testing of this unfounded 
hypothesis under other conditions. He 
will proceed with this method of attack 
modifying the hypothesis by the use of in- 
ductive thinking and imagination as he 
obtains new facts that show the need for 
modification. Both deductive and induc- 
tive reasoning are essential for creativity 
but inductive reasoning is the determining 
factor and certainly permits the greater 
opportunity for applied imagination and 
ingenuity. 

The primary distinction between judi- 
cial thinking and creative thinking is that 
judicial thinking is almost devoid of in- 
ductive reasoning. Judgments are de- 
veloped from the facts primarily by means 
of deductive thinking. The general prin- 
ciples or laws have been established and 
interpreted previously. 

On the other hand, in creative thinking, 
facts serve merely as a starting point from 
which one reasons by inductive processes 
assisted by deductive reasoning to new 
principles and new and untried situations. 
This requires applied imagination and 
ingenuity particularly for the inductive 
processes. 

Certainly the engineer entering indus- 
trial research should be well trained in 
inductive as well as deductive reasoning. 
However, the way our present day engi- 
neering curricula are presented, insuffi- 
cient attention is devoted to the develop- 
ment of the student’s ability to think in- 


ductively. On the other hand, excelley 
intensive training is given the student jp 
deductive reasoning. One of the reasons 
for this may be that it is far easier to pr. 
sent a subject to students by deductive 
methods rather than by inductive pre. 
esses. It takes considerably more tim 
and planning on the part of the teacher 
to present the subject matter by induction, 

In this connection, I was impressed with 
an article by Clarence H. Boeck in the 
October, 1953 issue of The Science Teacher 
entitled: “Try The Inductive Approach” 
Dr. Boeck describes one of his experiences 
at using the inductive method in teaching 
chemistry. I shall not take time here to 
relate Dr. Boeck’s experience but I recon. 
mend the article highly to those engaged 
in teaching science or engineering sub- 
jects. We have given much attention to 
what to teach but I believe we should give 
more attention to how to teach. 

A great deal of intensive training could 
be given the students in inductive reason- 
ing in the present engineering eurricul: 
but this would require drastic changes in 
the methods of teaching. Furthermore, it 
might be well to give serious thought to 
the addition of courses designed specif- 
ically to develop the student’s ability to 
think inductively. This might show wp 
some interesting differences in the abilities 
of students. I am sure that all of you 
have been amazed at times at the poor 
showing of a graduate who had very high 
grades as a student. In some of thos 
cases that have come to my attention, | 
have wondered if it might not be that the 
grades gave no reflection whatever of the 
student’s ability to think inductively. 


Recommendations 


So I would recommend just as intensive 
training in inductive reasoning as in de 
ductive reasoning to prepare the young 
engineer for industrial research. How 
ever, I would recommend this for all engi- 
neering graduates because the primary I 
sponsibility of engineering schools is first 
to train well balanced men and womel. 
Such people will fit into research much 
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better than the unbalanced, narrowly 
trained graduates. The engineer of the 
future must be better informed in such 
fields as history, economies including busi- 
ness and finance, philosophy, psychology, 
government and politics. Technical and 
sientifie skills will become merely pre- 
requisites. 

It is of great importance that the grad- 
uates of our engineering schools be trained 
broadly and that they be able to think 
killfully both inductively and deduc- 
tively. Also, concentrated effort should 
be directed toward developing the judg- 
ment of the student. He must be made to 
realize that this quality is undoubtedly 
the most valuable he can develop. It is 
far more valuable than brilliance. 

The great successes of life do not go 
necessarily to the most brilliant, nor to the 
deverest, or shrewdest, or the best edu- 
cated. They go to men of soundest judg- 
ment. There is no quality so important 
for the executive as good. judgment. 
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People who have the responsibility for 
selecting engineers for high positions are 
afraid of the poorly balanced, narrowly 
trained men. A man may be smart, sharp, 
shrewd, clever, a good scholar—even bril- 
liant—but is he sound? Many over-esti- 
mate the value of education and brilliance. 
These are certainly no substitutes for 
sound judgment—no more so than is 
knowledge a substitute for wisdom. There 
is no substitute for soundness of judgment. 

Therefore, it is urged that the engineer- 
ing student not be trained specifically for 
research. Give him broad intensive train- 
ing. Develop his sense of proportion. 
Teach him to think inductively as well 
as deductively. Give him training in the 
application and development of his imag- 
ination. Allow him the opportunity to 
develop his ingenuity. 

In essence, I hope the engineering 
schools will turn out well balanced engi- 
neers who can practice successfully in any 
field if their aptitudes are compatible. 


College Notes 


An evening graduate course for those 
interested in digital computers and other 
systems operating with digital informa- 
tion is being given for the first time by 
Stevens Institute of Technology. 

A series of evening courses in elec- 
trical engineering designed for men in 
industry who want to bring their knowl- 
edge of electronics and circuit theory 
up-to-date is being given by the Colum- 
bia University School of Engineering 
during the Winter Session. The courses 
are intended for students with B.S. in 
engineering or science. Completion of 


the six courses offered will make the 
students eligible for a graduate program 
leading to a Master of Science in electri- 
tal engineering. 


University Extension of the University 
of California at Los Angeles will offer 
a ten-day engineering and management 
course from January 23 through Feb- 
ruary 2, 1956. Six hours of class per 
day plus luncheon and dinner meetings 
will cover both traditional and new areas 
in industrial engineering and manage- 
ment theory and practice. 


Dr. G. Wesley Dunlap of General 
Electric has been appointed visiting pro- 
fessor at Massachusetts Institute of 
Technology. He is on a year’s leave of 
absence from his position as manager of 
the Instrument and Nuclear Radiation 
Engineering Services Department. 


Value of Research to the Institution * 


By G. H. HICKOX 
Program Director for Engineering Sciences, National Science Foundation 


For the purpose of this paper, it may 
be assumed first that the institution re- 
ferred to in the title is an educational in- 
stitution. Most educational institutions 
have three principal objectives to fulfill: 
instruction, research, and public service. 
These three functions are interrelated, re- 
search being of value both to instruction 
and to public service. It may also have 
other values internal to the institution. 
There seems to be no doubt that a little 
research might improve the utilization of 
physical facilities and teacher abilities, 
but these aspects will not be dwelt upon, 
important as they may be. 

A second assumption is that the value of 
research to an institution is the value that 
it may have to the institution’s objectives 
of instruction and public service. Con- 
sider first the value of research to public 
service. Probably the commonest and best 
known application of research to public 
use is exemplified in the Agricultural Col- 
leges of our Land Grant schools. The 
Agricultural Experiment Station associ- 
ated with these colleges are continually at 
work improving crop yields, soil fertility, 
animal husbandry, poultry raising, dairy 
practices, farm economies, harvesting 
methods, marketing, and many other areas 
important to American agriculture. Our 
agricultural researchers have been notably 
successful in their efforts to improve the 
situation of the American farmer. They 
are teaching him better farm practices and 
are providing him with modern, efficient 
machinery which will lighten his work 
load. 


* Presented at the Southeastern Section 
Annual Meeting, ASEE, April 14, 1955, Uni- 
versity of Tennessee. 
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Closely related to the work of the Agri- 
cultural Experiment stations is the par. 
allel work conducted in Home Economie 
colleges and disseminated throughout the 
State by a group of home demonstration 
agents who work closely with the county 
agents. The work of these colleges and 
their representatives in their public ser- 
vice relationships is a striking example of 
the value of research to the public service 
function of the Land Grant school. 

Another research activity which assumes 
importance in some areas is provided by 
colleges or departments of Business Ad- 
ministration. The University of Tennes- 
see, for example, maintains within its Col- 
lege of Business Administration a Bureau 
of Business Research which is available 
to business and industry in this State as 
a public service. The Bureau publishes 
regular bulletins showing the status of 
business in Tennessee and discussing cur- 
rently important matters such as taxation 
and legislation. 


A Third Assumption 


Returning from this brief digression, 
third assumption may be stated: namely 
that we are concerned chiefly with instruc- 
tion; and a final fourth assumption, that 
we are concerned with instruction of engi- 
neers. The value of research to instruc 
tion will require a little more discussion 
than the previous subjects because the re- 
sults are not so immediately evident al- 
though this is not to say that they are 
none the less real. 

Before discussing engineering educa- 
tion in detail, it may be well to stop for 
a moment and consider just what it is we 
are talking about. For present purposes, 
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VALUE OF RESEARCH TO THE INSTITUTION 


engineering may be defined as the eco- 
nomical application of science and the ma- 
terials and laws of nature to the satis- 
faction of human needs and desires. A 
recitation of some of the human needs 
that are satisfied by engineering will il- 
lustrate the wide scope within which we 
operate. Engineering has provided us 
vith our modern transportation by land, 
ga, and air, our marvelous communica- 
tio system, our homes, offices, and fac- 
tories, Our enormous power supplies, and 
even our means of making war. 


Need for Scientific Knowledge 


And now consider that all of our recent 
progress has been based on new scientific 
knowledge, and that further advance must 
be based on scientific knowledge which is 
being discovered today or will be dis- 
covered in the future. Consider also that 
we in this country have no monopoly on 
the production of scientific, knowledge or 
the ability to apply it. We must realize 
that if America is to maintain its leader- 
ship in the world today, we must develop 
to the full our scientific and technological 
resources. This requires the training of 
scientists for the production of new knowl- 
edge and of engineers for its intelligent 
application. 

Prior to World War II, much of the 
basic scientific research was performed in 
Europe and we were largely importers of 
new- knowledge. The European source 
was almost completely dried up during 
the war, and through that period and for 
some time thereafter, very little new 
knowledge was forthcoming. We were 
rapidly approaching the point where the 
satisfaction of human needs would be 
handicapped by a scarcity of basic sci- 
tatifie knowledge. It was in part to sup- 
ply this deficiency that the National Sci- 
ence Foundation was established by the 
Federal Government for the support of 
basic research. Many industries and uni- 
versities have likewise recognized this need 
and are encouraging basic scientific re- 
search. Only with the production of new 
knowledge will we be able to expand our 
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technology to satisfy our ever increasing 
needs and desires. 

The production of new knowledge alone, 
however, is not enough. It must find 
modes of application and these applica- 
tions require engineers. Traditionally the 
scientist and the engineer have divergent 
viewpoints and each from his own vantage 
point looks down on the other. The engi- 
neer, concerned with application, consid- 
ers the scientist a long-haired recluse who 
has no idea of practicality. The scientist, 
engaged in pure research, is as apt to 
think the engineer a hairy-eared dirt grub- 
ber. The divergence of views leads to 
divergence of action as well with the re- 
sult that neither understands the other 
and there remains a wide gap between 
scientific discovery and its practical ap- 
plication. This gap, that exists between 
the pure scientist who pursues knowledge 
for its own sake and the engineer who 
applies it and adapts it to use, must be 
filled. It can be filled either by the sci- 
entist turned engineer or by the engineer 
who understands science. We are having 
difficulty today in training enough scien- 
tists to produce the basic knowledge that 
we need for our later use. It would be 
extremely unfortunate if the few people 
who are capable of extending the bounda- 
ries of our knowledge were diverted from 
this pursuit to the application of it in 
engineering ways. If the scientist de- 
parts from his profession to become an 
engineer, he ceases to be a scientist and 
this we cannot afford, for we badly need 
our research scientists to supply the store 
of knowledge which engineers may later 
apply. It seems important that we pro- 
ceed by training the engineer in the un- 
derstanding of science rather than by 
making scientists into engineers. 


The Educational System 


Let us now return to engineering edu- 
cation. We may think of our education 
as a two-phase system composed of a 
transmitter, or teacher, and a receiver, or 
student. Good education depends on the 
proper functioning of each of these two 
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phases. As educators, we must stimulate 
our teachers to the best performance of 
which they are capable and we must also 
motivate our students to exercise their 
will to know. Why are students in classes 
in our engineering colleges rather than in 
history, business administration, or math- 
ematics? I like to think that they are in 
engineering because of the challenge of- 
fered to them by the production of new 
satisfactions for human needs and desires. 
I like to think that they are here not sim- 
ply to learn how to do what their fathers 
and grandfathers have done before them 
but because they are challenged by a de- 
sire to push the frontier of service ever 
farther. 

Since the function of our engineers is 
to apply the results of scientific learning 
to the satisfaction of human needs, it fol- 
lows they must understand the sciences 
in order to be able to apply them intel- 
ligently. To promoting this understand- 
ing, our engineering colleges should devote 
themselves. This means that it will be 
necessary to teach more of the basic sci- 
ences in a scientific way, and we find in 
fact that engineering education today is 
in a state of transition from a program 
with emphasis on technical applications 
to a program which has much more em- 
phasis on basic theory, on education in 
the sciences, and on training in research. 
If we are to teach in our engineering 
colleges only a knowledge of science and 
the techniques of its application, we may 
achieve a technical training, but we are 
not producing educated engineers. We 
must be training our students not only 
how to apply science but also in the 
understanding of science, and this must 
be done in the undergraduate curriculum. 
If the more specialized techniques of 
application must be taught, then the 
place for them is in the graduate school 
of such training may well lead to pro- 
fessional degrees. 


Two Wills 


We are told that human beings are pro- 
vided with two wills:.the will to know and 
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the will to tell. We possess these in vary. 
ing degrees but only through their exercise 
do we preserve, pass on, and add to or 
cultural and intellectual heritage. These 
wills should be cultivated. We should 
stimulate curiosity in our students so that 
their will to know may be increased and 
our knowledge thus be expanded. We 
should encourage them in their means of 
expression so that the will to tell may be 
satisfied and the knowledge gained by 
them may be passed on. To this end we 
should pay particular attention to the 
writing of essays and reports. Too often 
there is lack of cooperation between de- 
partments in our schools. The scientific 
departments pay little attention to gram. 
mar and composition, laying any defeets 
in these directions at the door of the De 
partment of English. The English De 
partments, likewise, are scornful of scien- 
tific knowledge. It is the responsibility of 
all departments to recognize that our cul- 
ture has an essential unity and that the 
best interests of our students are not 
served by operating in an academic vac- 
uum. It is our duty, if we are to main- 
tain our place in the world, to develop 
our students to the limit of their abilities. 
Such development may result from con- 
tact with teachers who stimulate by ex- 
ample. Most of us ean recall certain 
teachers who influenced us greatly by their 
mental alertness, by their intellectual cu- 
riosity, or by their professional attitude. 
The effects of the example set by them 
have undoubtedly lingered long after the 
details of their courses have faded. 


Techniques of Research 


The intelligent application of science 
requires training in the techniques of re- 
search. At the graduate level, research 
and instruction go hand in hand, but what 
about the undergraduate? What does re- 
search do for him? Formal research i 
an educational institution does a number 
of things for the undergraduate student 
even though he does not participate in it 
directly. First, teaching at the under- 
graduate level will tend to become dull 
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and routine and will certainly lag far be- 
hind current practice unless the teacher 
continues to grow and to develop. Such 
growth and development of teachers can 
only oceur if they are aware of and prac- 
tice the researcher’s way of life. Research 
isa way of learning; a way of the mind; 
a continuous satisfying of the curiosity; 
a continual advance into the unknown. 
It is the way we have developed and ad- 
vanced our culture. Students come to an 
Engineering College because they are 
challenged by the future. They wish to 
have a part in discovering it. This mo- 
tivation should be encouraged and capi- 
talized upon and it can only be done by 
teachers who are conscious of the chal- 
lenge offered and who are themselves tak- 
ing steps to meet it. The interests and the 
attitudes of our teachers are reflected in 
the training of our students. The institu- 
tion with a positive attitude toward re- 
search, staffed with a faculty having an 
interest in and a sympathy for research, 
will stimulate students to a high level of 
achievement and creativeness that will not 
be reached if instruction is confined 
merely to the passing on of facts. 


Atmosphere for Learning 


Second, the atmosphere in which the 
student learns is favorably modified by 
research in the institution and course con- 
tent itself is often improved if his teach- 
ers are actively engaged in research. New 
knowledge gained through research is not 
filed away as data in cabinets or reports 
on shelves. The new facts uncovered be- 
come a part of the curriculum and thus 
a direct and immediate benefit to the stu- 
dent. Teachers who have been engaged 
in classified, contract research—and this 
is not basie research, but application, not 
directly related to undergraduate instrue- 
tion—have found that the work they have 
been doing in the application of science 
to the fulfillment of their contract obliga- 
tions has made them better able to under- 
stand their own special fields. This is 
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quite understandable because the applica- 
tion of science requires a knowledge of it 
and successful application requires an 
understanding of it. These teachers have 
found that the increased understanding of 
their own fields required by the applica- 
tion to special needs has enabled them to 
teach the basic science to their students 
with fuller meaning. This is one of the 
advantages of research—even of classified 
contract research—which is not generally 
recognized. It is, however, none the less 
real. As a matter of fact, it may even 
be true that research of this type is re- 
flected in undergraduate instruction fully 
as quickly as research into the borders of 
knowledge which the undergraduate may 
not be fully prepared to understand. 
Third, an institution which has under- 
way a program of research finds many 
opportunities to utilize the services of un- 
dergraduate students for participation 
in the work. Such actual participation 
serves to stimulate the interest of the stu- 
dents, to maintain their motivation, and 
to train them in the techniques of re- 
search which should be a part of the edu- 
cational process. These are some of the 
immediate and direct benefits of a forma 
research program. 


Important Concept 


Above and beyond these direct benefits, 
however, is a broader and more important 
concept. Research is the indispensable 
attribute of the engineer who will advance 
his profession or even keep up with it. 
In this sense all engineers must conduct 
research if they are to realize the poten- 
tialities of their chosen profession or to 
make their dreams come true. 

Finally, and not least, is the concept of 
research as a way of life, an attitude of 
mind, a fulfillment of the human wills to 
know and to tell, the preservation, the 
extension, and the transmission of our cul- 
tural heritage. This is the way in which 
the university can fulfill its obligation to 
society. 


The Value of Research to Graduate Instruction’ 


By WILLIAM G. POLLARD 
Executive Director, Oak Ridge Institute of Nuclear Studies 


At first sight the title of this paper 
seems almost trite. What can be said 
apart from the repetition of time-worn 
platitudes on such a subject? Is it not 
true that research lies at the very heart 
of the graduate program? What would 
a Ph.D. or even a master’s degree be with- 
out a dissertation or thesis involving in- 
dependent research? Is a graduate pro- 
gram thinkable without a strong central 
emphasis on the value of research in it? 
Such questions as these make the whole 
subject appear to be clear cut and simple. 
Yet apart from the traditional and theo- 
retical values of research in graduate edu- 
cation, there are practical and empirical 
aspects which make the subject appear 
much less simple and clear cut. 

To begin with there is the largely post- 
war phenomenon of industrial research 
institutes associated with universities and 
of the multitudinous government research 
contracts which have sprouted and multi- 
plied in the science and engineering de- 
partments of our universities. In many 
cases these activities have come to com- 
mand so much of the enthusiasm, interest, 
and energy of the faculty that teaching, 
even at the level of graduate instruction, 
seems to have become a secondary, even 
peripheral concern of the department. 
All too often a professor reluctantly and 
grudgingly interrupts his project re- 
search to meet a classroom schedule 
which he has come to regard as a neces- 
sary evil. The associate lack of enthu- 
siasm for the educational enterprise as 
such is communicated to the students, 


* Presented at the Southeastern Section, 
ASEE, Annual Meeting at Knoxville, Ten- 
nessee, April 15, 1955. 
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and the result is not only a sharply de. 
creased effectiveness of instruction, bit 
often a loss of students to other fields 
This whole situation may well be one of 
the major contributing causes for deelin- 
ing enrollments in science and engineer. 
ing about which there is currently » 
much justified alarm. 

Secondly, there is always the tendency, 
particularly in departments with larg 
numbers of graduate students, for thesis 
research to approach mere hack work. 
Under the pressure for finding a consii- 
erable number of thesis assignments whic 
are fairly sure-fire, unimaginative ani 
often trivial problems are selected u 
which research is reduced to apparatus 
construction and data taking. Although 
such assignments do have some value for 
training in techniques, data analysis, and 
report writing, it is not surprising ths 
the ever-growing pressure for mor 
courses, which every curriculum exper- 
ences, leads in such cases to serious ques- 
tioning of the value of research in grat: 
uate instruction. From the standpoint o 
the students, such research comes fre 
quently to be regarded as simply one a 
the most heavily time-consuming ani 
onerous of the obstacles placed between 
them and their degrees by an arbitrary 
administration. 

Finally, there is the very serious prob 
lem in every technical field today of the 
enormous increase of the volume 
knowledge required for competence in the 
field. Just a few decades ago the core o 
a graduate education in physics involve 
only classical mechanics, electromagnet 
theory, and possibly relativity theory: 
Today all of this is still basic but ther 
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has been added to it as equally basic 
quantum mechanics, and now quantum 
field theory. For graduate work in chem- 
istry there has been added to the whole 
structure of classical chemistry, the quan- 
tum theory of valence, atomic structure, 
and spectroscopy. The engineering fields 
are currently struggling with the evident 
necessity for basic training in nuclear 
physies and radiation on top of already 
too crowded curricula. More and more 
the question is being seriously raised as 
to whether the traditional dominant role 
of the research problem and thesis in 
graduate education can be justified in 
competition with such cogent and com- 
pelling subject matter demands. 

It may perhaps be sufficiently clear 
from these considerations that our topic 
is by no means so simple and clear cut 
as it may at first have appeared to be. 
There are practical, if not theoretical, 
difficulties of a very real and certainly 
most stubborn character in contemporary 
graduate education in science and tech- 
nology, which raise questions about the 
traditional values assigned to research. 
I wish it were possible for me to say 
something significant to you today by 
way of suggesting feasible paths out of 
these difficulties. Unfortunately I have 
neither the wisdom, nor any longer the 
immediate experience of day-to-day grap- 
pling with them, to attempt such a task. 
The more I hear discussions of these 
problems by those engaged directly in 
graduate education, the more I realize 
how exceedingly stubborn and complex 
they are, and the less am I inclined to 
launch brashly into the blueprinting of 
a solution. 


Subtle Aspect 


There is, however, one rather subtle 
aspect of this whole problem which seems 
to me both fundamental and crucial. 
This is what I like to think of as the 
“community” character of both scientific 
and technological professions. Here I 
have in mind that aspect of graduate edu- 
cation which is directed toward the full 
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incorporation of the students into a pro- 
fessional community, as opposed to such 
other aspects as course content, mastery 
of facts and methods, or the development 
of facility in techniques and equipment. 
It is from this standpoint, it seems to me, 
that the value of research in graduate ed- 
ucation can be most fruitfully discussed. 

Those who are involved in the process 
of graduate education tend to become 
more and more preoccupied with the 
machinery. This is natural and indeed 
to a certain extent inevitable. When im- 
provements are to be made in the process, 
one naturally looks for specific steps 
which can be taken. But such steps al- 
ways consist of modifications in existing 
courses, new courses, new laboratory ex- 
periments, special student projects, and 
the like. But important as all of these 
formal aspects of the graduate program 
unquestionably are, they nevertheless do 
not touch the real heart of the problem. 

The difficulty is that the heart of the 
matter is so subtle. For basically what 
we are trying to do in graduate education 
is to turn out competent members of our 
own professions. That is we are not so 
much trying to teach physics or chemis- 
try or engineering, as we are trying to 
develop physicists, chemists, and engi- 
neers. These two objectives are, how- 
ever, quite distinct from each other. 
Physics and chemistry overlap extensively 
in content and subject matter; so much 
so indeed that it has become essentially 
impossible to frame adequate definitions 
for either of them in terms of bounded 
subject matter provinces. There is, how- 
ever, no difficulty when it comes to tell- 
ing a physicist from a chemist. They are 
quite clearly members of two different 
communities of inquiry with different 
ways of approaching the same problem 
and different criteria for determining 
what is significant and important. In- 
deed there have been those who, despair- 
ing of the possibility of finding an ade- 
quate definition of physics in terms of 
classes of phenomena, subject matter 
categories, or methodology, have sug- 
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gested defining the subject as consisting 
simply of everything done by physicists. 

Such a definition of physics, chemistry, 
electrical engineering or any other scien- 


tifie or technical field is not as trivial or © 


tautological as it may at first sight ap- 
pear. For each of these subjects has 
come into existence historically because of 
the formation of a dedicated community 
of men sharing a common approach to 
the investigation of nature. None of 
these communities of inquiry could fore- 
see what areas of nature this approach 
would ultimately lead them into, or what 
content their subject would acquire as a 
result of their investigations. The plain 
fact of the matter is that the content of 
chemistry today is what it is, not because 
of any inherent segregation of natural 
phenomena along the lines delineated by 
the contents of a modern textbook of 
chemistry, but purely and simply because 
that particular body of information rep- 
resents the aggregate fruit of the labors 
of chemists over the years. Each of our 
subject matter fields exists because of the 
creative activity of a community of inves- 
tigators with a common bond between 
them. Every such community has tre- 
mendous creative power of itself. Its 
members learn from each other and teach 
each other. Only within the community 
can the achievements of each member be 
fully appreciated and only within the 
community can the rigid critical discipline 
necessary for real achievement be applied 
to each member in a spirit in which it is 
gladly accepted. 

If we look upon our several scientific 
and technical fields in this light, then I 
think you will all agree that the really 
basic objective of graduate education is 
not primarily the acquisition by the stu- 
dent of a certain predetermined level of 
technical information and professional 
competence, but rather his full ineorpo- 
ration into the professional community. 
The basic objective of a faculty of chemi- 
eal engineering is to turn out men who 
both feel themselves to be chemical engi- 
neers and are accepted as such by the pro- 
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fession at large. Certainly the achieve. 
ment of this objective depends in a crit. 
ical way on an adequate mastery of a 
body of subject matter, knowledge of and 
facility in both intellectual and manual 
techniques, a balanced sensitivity to tech- 
nical and economic limitations and possi- 
bilities, and many similar competences, 
But although all of this is essential, it 
does not of itself add up to a real chemi- 
cal engineer. There is a clear overplus 
required which I think we all recognize, 
but which is very difficult to define or 
pin down. 


Confrontation with the Unknown 
Tests a Man 


It is just here that the importance of 
research enters the picture. For it is in 
the carrying out of significant research 
more than in any other activity that the 
subtleties we have been describing are 
transmitted from professor to students. 
In any professional field it is the con- 
frontation with the unknown that really 
tests a man. That which really makes a 
scientist or an engineer what he is re- 
veals itself when he comes up against an 
important problem whose outcome is un- 
known and whose solution is not obvious. 
In such a situation all the undefined bases 
of confidence, the sureness of approach, 
the characteristic ways of going about 
things, and the peculiar disciplines that 
make a physicist or a chemical engineer 
what he is show themselves. The: stu- 
dent, confronted with the unknown in 
this manner in his own research, derives 
more than he will ever thereafter be able 
to explain from the experience of having 
his major professor join with him at crit- 
ical phases of his investigation. In such 
situations the full implications of the na- 
ture of the profession are directly expe- 
rienced by professor and student together. 
This, however, is the only manner in which 
they can be acquired, for there is no way 
in which they can either be taught or 
learned. 

From this standpoint we can see why 
artificial problems or hack-work research 
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will not do. It is only in real, living situ- 
ations that these qualities emerge. It is 
necessary that the problem be considered 
significant and important by both the 
professor and the student, as well as by 
the professional community at large. It 
is also necessary that the problem really 
challenge the professor as well as the stu- 
dent. Mere data taking, report writing, 
or routine or made-up problem solving 
are powerless to evoke these values. The 
adventure of research with all its alter- 
nations of joy and despair, of excitement 
and drudgery, must really be present and 
fully shared by professor and student to- 
gether if the objective is to be obtained. 

During the last several years I have 
been involved on several occasions in dis- 
cussions of the problem of what the en- 
gineering schools should be doing about 
the new field of nuclear engineering. I 
feel sure that all of you in this Society 
have wrestled with this problem exten- 
For my part the as- 
pect of it which has emerged increasingly 
clearly in my own thinking is the effect 
which the absence of a sense of profes- 
sional community has upon this problem. 
Most universities have been able to in- 
troduce quite adequate new courses and 
additions to existing courses into their 
curricula to meet the needs of engineers 
planning to go into nuclear work. By 
now there are also reasonably adequate 
texts and reference materials available 
for such courses. Short of an operating 
nuclear reactor, it is even possible to 
provide essentially all of the necessary 
laboratory work for instruction in this 
field. But in spite of the adequacy of 
such instruction, it does not result either 
in attracting students to the field of nu- 
clear engineering or of producing men 
who are distinctively nuclear engineers. 
One of the committees which the Oak 
Rid? Institute of Nuclear Studies called 
togeer two years ago to study this 
prvlem expressed the matter this way: 

The most important problem is that there 
oes not exist within the universities a nu- 
clear energy tradition adequate to meet the 
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demands which will be made of nuclear en- 
gineering education at the highest level. 
This inadequacy comes primarily from the 
fact that almost all the highly competent 
or authoritatively informed people in the 
field are still in the industrial or govern- 
ment areas; few have so far found their 
way into the educational framework. 


Crucial Element 


At the heart of all professional educa- 
tion, particularly at the graduate level, 
lies this recognition of the existence of a 
living community of persons with a spe- 
cial professional competence. Within the 
university where the community enlarges 
and extends itself, the process by which it 
does so is not so much one of teaching and 
instruction as it is one of contagion and 
reproduction. This it seems to me be- 
comes very clear in an entirely new field 
such as nuclear engineering where one can 
see the effect of providing only teaching 
and instruction in the absence of persons 
who consciously and recognizably repre- 
sent the new professional community as 
the primary center of their professional 
life and challenge. 

Once this idea is recognized as a crucial 
element in the whole educational process, 
it seems to me that the role of research 
in graduate education becomes evident. 
From this vantage point, research can no 
longer be considered merely as a teach- 
ing device for the learning of specialized 
techniques, the development of habits of 
precision, or the encouragement of in- 
dependence. One comes instead to see 
graduate student research in the light of 
the oceasion it provides for the sharing 
of a unique kind of experience by pro- 
fessor and student together in a manner 
which is peculiarly reserved to their 
special profession. Since such occasions 
play such an indispensable role in the 
process by which our several professional 
communities extend and reproduce them- 
selves, it is difficult to see how we can 
really make a student one of us without 
making his research project a central 
feature of this graduate education. 
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The Fight for Ethics in Engineering * 


By JOHN R. SNELL 
Professor and Head, Department of Civil Engineering, Michigan State University 


A young man who clerked after school 
asked his father one day to explain to 
him the meaning of ethics in the field of 
business. His father replied, “If a cus- 
tomer should unknowingly pay me $10 
too much, ethics is whether or not I tell 
my partner.” 

I consider it an honor and a challenge 
to outline something of the fight going on 
to raise the ethical standards in the En- 
gineering Profession. I hope to enlist 
your enthusiastic support in this battle. 
Our greatest opposition is still a lethargy 
on the part of the engineers themselves. 
This is largely a problem of education 
and one for which we should feel com- 
pelled to accept full responsibility. 

Discussion might best be confined to the 
following three questions: 

1. How serious a problem is Ethics for 
the Engineering Profession? 

2. What are and what should the en- 
gineering societies do about the problem? 

3. What are and what should the edu- 
eators do about the problem? 


There are others far more capable of 
discussing these important subjects but 
probably none would be as frankly out- 
spoken about the problem. My sugges- 
tion to each of you is that you take the 
responsibility upon yourself to read all 
the articles written on engineering ethics 
in the last two or three years and do some 
independent research and hard thinking 
on the subject. This study may help you 
get a burning conviction of the bigness 
of the job to be done and help you feel 
your part in accomplishing it. 

* Presented at the Annual Meeting of 
ASEE, Civil Engineering Division, Penn 
State University, June 23, 1955. 
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Serious Problem 


First: How serious a problem is ethig 
in the Engineering Profession? It is fu 
more serious than most engineers realiz 
or would be willing to admit. Four im 
portant basic ethical problems face th 
profession. The first two show lack ¢ 
integrity or actual dishonest practic; 
the last two involve the ignoring of a 
cepted ethical standards of the professia, 
They may be stated as follows (1): 


1. Giving “kickbacks,” “commissions 
“finder fees,” “payment for influence” ti 
assist in obtaining engineering work; 

2. Accepting commissions or engineer 
ing aid directly or indirectly from cor 
tractors, equipment manufacturers « 
other parties; 

3. Reducing fees below minimum ae 
cepted standards or competing on tle 
basis of price; 

4. Undereutting the professional 
tation of another engineer or attemptix 
to supplant an engineer where steps har 
been taken to employ him. 


The vicious malpractice of givix 
kickbacks or accepting commissions from 
manufacturers and others was widespreal 
four years ago in many of the large 
cities on the Eastern seaboard and th 
midwest, and I understand is little m 
proved today. The malpractice of tr 
duction of fees is to some degree preset 
almost everywhere. This, of course, lead 
to poor engineering, uneconomical ie 
signs and a low professional stay; 
The malpractice of “bidding” has re¢j..) 
some attention and publicity in the: 
year yet it still continues (2) (3). Us 
dercutting and supplanting fellow eng: 
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neers is privately admitted in even some 
of the most respected engineering firms 
when competition gets tough. 

Everyone gives lip service to ethics but 
what actually takes place is something 
dse again. This was evidenced also in 
October, 1954, in an open meeting held 
in Cincinnati by the Ethics and Practices 
Committee of the Engineering Council 
for Professional Development (5). 

Four years ago a story of my own ex- 
perience with malpractice in the profes- 
sion was turned down by a half-dozen 
national engineering magazines because 
in their editors’ minds it was too hot an 
issue for publication. The JOURNAL OF 
ENGINEERING Epucation published it in 
uncensored form in May, 1953 (5). The 
response to the printed article by the 
engineering educators was encouraging. 
One insisted it should not remain buried 
in the JouRNAL, and 400 reprints were 
sent to the state and national offices of 
various engineering, architectural and 
contractors organizations. 

These stirred up interest where it was 
needed and over 1500 additional reprints 
were ordered. A supply of the reprint 
is available for the asking. 

How will the continuation of these mal- 
practices affect the Engineering Profes- 
sin? The respect and high professional 
esteem given us by the public is already 
being severely shaken in some areas and 
may be undermined completely if it long 
continues. High ethical standards are a 
frm prerequisite to any profession, es- 
pecially the engineering profession (6). 
The public will not stand for an egg that 
is nearly fresh, a boat that floats most 
of the time, or a parachute that almost 
opens. 

Second: What are and what should the 
engineering societies do about the prob- 
lm? Perhaps we can better understand 
the problem if we first compare ourselves 
with our friends in the medical and legal 
professions. The doctors through their 


American Medical Association and the 
lawyers through their American Bar As- 
sociation may severely reprimand one of 
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their members, or if the malpractice is 
serious enough, may take steps to have 
him disqualified from practice (7) (8) 
(9). Doctors and lawyers alike have been 
very active in controlling any violations 
of ethics in their professions. Especially 
has this been true on the west coast where 
their problems have been serious. 

The engineers, in contrast, have over 
eighty different societies. Despite the 
fact that a standard Canon of Ethics was 
adopted by a majority of the societies in 
1947, it has had little or no effect in im- 
proving the situation. The greatest pun- 
ishment which one of these engineering 
societies can administer for malpractice 
is expulsion from that particular society 
1947, it had little or no effect in improv- 
ing the situation. The greatest punish- 
ment which one of these engineering so- 
cieties can administer for malpractice is 
expulsion from that particular society 
and even here unethical engineers are 
partially protected by the ethical obliga- 
tion of all engineers to refrain from 
“harming” another member of the pro- 
fession. Also, most cases of unethical 
practice in engineering are difficult, if 
not impossible, to prove; so why bother 
to prefer charges when the chances of 
proving them are slight? In the last 
analysis, expulsion from an engineering 
society in no way affects the engineer’s 
right to practice. Unethical men are 
often callous to this almost meaningless 
type of reprimand and become all the 
more determined to continue their profit- 
able malpractice. 


No Central Watchdog Agency 


Despite this serious handicap for the 
engineering profession, of no central 
watchdog agency such as is available to 
the doctors and the lawyers, some small 
progress is being made to improve ethical 
standards. The twenty or more articles 
in our technical journals on ethics in the 
last two years are evidence that serious 
thinking is going on. Ethics and prac- 
tice committees of many of the major 
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engineering societies have been reacti- 
vated and are again beginning to study 
the problems confronting them for fresh 
answers. Increased reprimands by the 


ASCE and NSPE this past year for bid-. 


ding (3) (10) is a good indication that 
the societies mean business. 

As a member of the Ethics and Prac- 
tice Committee for the Michigan Society 
of Professional Engineers, I have seen 
some serious study given to the state and 
national problems. For example, a sug- 
gested program on ethics and practice has 
been prepared for national usage to edu- 
eate the following ten areas on ethical 
standards and practices of engineers: 


1) Municipal officials 

2) Equipment manufacturers 

3) Industrial management 

4) Engineering professors and students 
5) Telephone companies 

6) Organized labor 

7) Engineers 

8) Architects 

9) Surveyors 

10) Contractors 


Each area has different problems and 
a continued educational program is rec- 
ommended through the discussion of these 
problems by qualified men in appropriate 
periodicals. 

Other programs under way include 
proper classified telephone listings of pro- 
fessional engineers, employment of only 
registered men in responsible public engi- 
neering positions, investigation of such 
unethical practices as are reported to have 
occurred, and elimination of competitive 
bidding for professional services. 

A most important and difficult task yet 
lies ahead. So far the problem has been 
generally avoided despite the fact that in 
its solution lies the key to any major up- 
grading of ethical practice in the engi- 
neering profession. Basically it is a 


problem of setting up a single workable 
mechanism for the profession to effec- 
tively deal with unethical engineers, just 
as doctors and lawyers are able to repri- 
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mand unethical members of their profes. 
sions. Our present systems vary from 
society to society but all have the common 
fault of being unworkable and ineffective, 
The control of unscrupulous men in the 
engineering profession by present meth- 
ods is about as effective as the Girl Scouts 
controlling crime in Chicago. Several of 
the major engineering societies should 
take responsibility to formulate a work- 
able effective plan and sell it to the other 
societies. This cannot wait 10 or 20 years 
to happen without endangering the pro- 
fessional standing and reputation of en- 
gineering in general. This conviction is 
a growing one, as is indicated by Mr. 
H. A. Wagner, consulting engineer and 
chairman of the State Boards of Ex. 
aminers (7). The newly formed Board 
of Ethical Review (11) of the National 
Society of Professional Engineers may 
be a first step in the right direction, but 
let us not rest until the job is done con- 
pletely and effectively and we have a 
watchdog which is a watchdog. 

An interesting report on engineering 
ethics in England and on the continent 
by Fritz D. Hirschfeld (12) indicates 
that ethics are taken much more seriously 
there than in this country. In Sweden, 
for example, a promissory note for $2600 
is held by their engineering associations 
as a guarantee against malpractice. 


Growing Problem 


Another serious and growing problem 
should be mentioned before passing on 
to the third and final phase of this dis- 
cussion on ethics. The unions have made 
alarming inroads on the lower pay brack- 
ets of our “engineers-in-training” and, in 
fact, on our professional engineers them- 
selves. This problem has been ably dis- 
cussed by both Dean Dougherty, Dean 
Freund and others (13) (14). Esser- 
tially the problem is higher wages and 
recognition of professional status of these 
men by their employers. Both industrial 
management and the young engineer alike 
need to be educated for the best solution 
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of this problem. For some consulting 
firms the problem may have roots in “fee 
cutting.” In any event no one really 
wants the unions running any part of the 
engineering profession. 

Third: What are and what should the 
educators do about the problem? We in 
engineering education are concerned as to 
what we are doing and what we should be 
doing to improve ethical standards and 
practice in the profession. The reports 
given by Dean C. J. Freund, Chairman of 
our Society’s Ethies and Practice commit- 
tee are revealing (15) (16). Indications 
are that many educational institutions are 
doing virtually nothing to give their engi- 
neering students an understanding of eth- 
ies in their profession and the vast major- 
ity of schools are doing far too little. Only 
a handful of the institutions appear to be 
doing a first class job. The problem ap- 
pears to be two-fold: 


1) Our crowded engineering curricu- 


’]um makes us feel that time cannot be 


spared for a formal course in ethics. 

2) No suitable text or collection of 
material is available and also many edu- 
eators feel that ethics cannot be effec- 
tively taught in a formal course. 


To a degree all this is true, yet we 
cannot overlook a serious problem be- 
cause of a lack of time or a lack of tools. 
Materials presently being solicited by the 
Ethics and Practices Committee of the 
ASEE may well form the basis of an 
effective course (16). The January, 1955 
issue of the Annals of The American 
Academy of Political and Social Science 
(7) would be a very valuable reference 
for students and teachers alike. Time can 
always be gained from some other area— 
either technical or non-technical. There 
is no use making a good technical engi- 
neer if he can’t be honest! Further con- 
viction on the need for teaching ethics and 
some helpful suggestions are given by 
both M. D. Cooper (17) and N. W. 
Dougherty (18) in recent articles. Mr. 
Cooper suggests that if a full course can- 
not be given on ethics a substantial part 
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of a general course on Engineering Prac- 
tice should be devoted to the subject or 
perhaps a series of seminars should be 
held. 

Tau Beta Pi should be congratulated 
for its two recent forward steps to pro- 
mote high ethical standards (19). First, 
every electee was encouraged in 1955 to 
write an essay before his initiation on 
some topic concerning engineering ethics. 
Second, distribution of a brochure on 
ethics is made to each electee. 

Students should be encouraged to read 
and to think independently in the field 
of ethics. Writing for the Daniel W. 
Mead essay contest with $50.00 and 
$100.00 prizes should be encouraged (20). 
Student society meetings, both technical 
and honorary, provide an excellent chance 
for growth in these moral standards. 
Special lectures and speakers on ethics 
can help to mold students’ minds and 
formulate their standards of personal 
and professional conduct. 


Honor System Valuable Tool 


My own experience indicates that the 
student honor system is a very valuable 
tool in teaching moral values and build- 
ing character in young men. Every en- 
gineering school should aim for a student- 
run honor system and their staff should 
euch take a personal responsibility to 
know the students well enough to make 
certain that it is functioning one-hundred 
percent (21). 

One final point and probably the most 
important one. Engineering ethics can- 
not be taught in the same sense that math 
or structures are taught. A _ student’s 
grade of “A” in his Ethics class gives no 
assurance of his honesty, fair play or 
moral guide posts he has chosen to govern 
his way of life. These qualities have been 
fairly well formulated into what we call 
the student’s character long before we as 
college teachers come in contact with him. 
The greatest influences on these students’ 
characters are their homes, friends, schools 
and churches. Some influences may have 
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been uplifting, some degrading. What 
the engineering faculty says and does 
both in and out of the classroom have a 
very important part in the building of 
character of our young engineers. 
building of a high moral climate is every 
teacher’s job. Let us remember that the 
roots of all sound ethical standards are 
moral and spiritual. 

Probably the most scientific and out- 
standing experiment and _ experience 
comes to us in the Kentucky Program 
of Moral and Spiritual Values in Edu- 
cation launched in 1946 (22) (23). This 
has been a unique cooperative program 
of the Kentucky State Department of 
Edueation with nine colleges and uni- 
versities and two foundations. Remark- 
able success has been reported in teach- 
ing students moral and spiritual values 
not through special classes on such sub- 
jects, but through a carefully planned 
program of bringing out and empha- 
sizing these values both in the existing 
formal curriculum and in extra-curricular 
activities. The success of the Kentucky 
program in these few years appears to 
many thoughtful educators as a turning 
point in education. It certainly would 
have an important bearing on the world 
ideological fight for men’s minds! It can 
be our best and only certain way of in- 
tegrating integrity with engineering tech- 
nology. Finally, technology without in- 
tegrity is like a ship without a rudder. 
If we are to continue to build ships, let 
us do the whole job and build the rudders 
as well. 


BIBLIOGRAPHY 


1. R. ‘‘A Fighting Code of 
Ethies.’? Consulting Engineer, July 
1954, p. 32. 


2. WiLLIAM N. Carry. ‘‘Competitive Bid- 


ding for Professional Services Not in 
The Public Interest.’’ 
neer, May 1954, p. 50. 

3. Letter to membership of American So- 
ciety of Civil Engineers, 1953, expell- 
ing or suspending thirteen members 
for bidding. 


Ciwil Engi- 


The . 


4, 


10. 


11. 


12. 


13. 


14, 


15. 


16. 


18 


. JOHN R. SNELL. 


F, Ryan. 


. (Sixteen authors.) 


. ALICE LAKE, 


. FRED DEARMOND. 


FIGHT FOR ETHICS IN ENGINEERING 


CLEMENT J. FrEuND. ‘‘Forget the Lip 
Service—We Need a Practical Ap. 
proach to Ethics.’? Consulting En. 
gineer, May 1955, p. 50. 

**Let’s Clean House,’’ 

JOURNAL OF ENGINEERING Epvca- 

TION, May 1953, p. 497. (Free re- 

prints available.) 

‘“Why Canons of 

Ethies?’’ Consulting Engineer, Jan- 

uary 1955, p. 40. 

‘¢Ethical Standards 

and Professional Conduct.’’ The An- 

nals of The American Academy of 

Political and Social Science, January 

1955 (whole issue). 

‘‘The Doctors Clean 

House.’’ The American Magazine, 

August 1951. 

*¢Every Patient Has 

His Day.’’ Nation’s Business, Feb. 
1950. 

J. B. McGaueuy. ‘‘Report of NSPE 
on Ethical Practices.’’ American 
Engineer, March 1955, p. 21. 

Paut H. Rossins. ‘‘The Board of 
Ethical Review.’’ American Engi- 
neer, April 1955, p. 27. 

Fritz D. HIRSCHFELD. Report from Zu- 
rich.’’? Consulting Engineer, March 
1955, p. 24. 

N. W. Dovueuerty. ‘‘ Professionalism 
and Unionism.’’ Consulting Engi- 
neer, April 1955, p. 32. 

C. J. FreEunD. ‘‘Employers, Ethics and 
Novice Engineers.’’? Electrical Engi 
neering, February 1955. 

(Committee authorship.) ‘‘ Ethics and 
Practice Report (mimeograph, June 
5, 1953).?’? American Society for 
Engineering Education, Ethics and 
Practice Committee. 

Oral Progress Report by Dean C. J. 
Freund of the ASEE meeting. Penn- 
sylvania State University, June 1955. 

M. D. Cooper. ‘‘The Teaching of En- 
gineering Ethics.’’ JourRNAL or Ev- 
GINEERING EpucATION, March 1955, 
p. 545. 

N. W. Doveuerty. ‘‘Ethics and the 
Professional.’? The American Engi- 
neer, April 1954. 

R. H. Nagex, Editor. ‘‘ Engineering 
Ethies.’’? The Bent of Taw Beta Pi, 
April 1955, p. 13. 


90, DANIEL 
West 
(Als 
1955, 


1, M. I. M 
STEV 
ing.’ 


M 


The Mi 
Thursday, 
Technolog” 
morning. 

The Ge: 
for Scienc 
by H. C. 
by L. M. | 

Papers 
Teach Dre 
Introducte 

Other a 
and minia 
ment, tour 


8 
19. 


he Lip 
al Ap- 
ng En- 


fouse,?? 
EpDuca- 
Tee re- 


ons of 
r, Jan- 


ndards 
he An- 
my of 
anuary 


Clean 
gazine, 


nt Has 
s, Feb. 


NSPE 
nerican 


ard of 
Engi- 


om Zu- 
March 


nalism 
Engi- 


ies and 
| 


es and 
, June 
ty for 
and 


Penn- 
2 1955. 
of En- 
oF En- 
1955, 


nd the 


leering 
eta Pi, 


FIGHT FOR ETHICS IN ENGINEERING 235 

9), DANIEL W. Mezap. Prizes—ASCE, 33 22. WENDELL and _ others. 
West 39th St., New York 18, N. Y. ‘Moral and Spiritual Values in Edu- 
(Also see Civil Engineering, April cation in Kentucky.’’ Comm. of 


1955, p. 67.) Kentucky Educational Bul. Oct. 1953 
(whole issue). 
21, M. I. MANTELL, M. E. Reever, and J. A. 923, ©. Bower. ‘‘Moral and Spir- 
Stevens. ‘‘Orientation in Engineer- itual Values in Education.’’? Univer- 
ing.’’ Prentice-Hall, 1955, p. 3. sity of Kentucky Press, 1952. 


Midwinter Meeting of the Engineering 
Drawing Division 


The Midwinter Meeting of the Engineering Drawing Division will be held from 
Thursday, January 26, through Saturday, January 28, at the Illinois Institute of 
Technology, Chicago. Registration will be conducted Thursday afternoon and Friday 
morning. 

The General Session Friday morning will feature papers on Technical Drawing 
for Science Majors by E. G. Paré, Design Consideration in Engineering Drawing 
by H. C. Messinides, and Relation Between Engineering Drawing and Machine Design 
by L. M. Sahag. 

Papers featured at the General Session Saturday morning will be Should Colleges 
Teach Drafting Techniques? by J. Gerardi, Simplified Drafting by J. H. Bergen, and 
Introductory Nomography by A. 8. Levens. 

Other activities will include a luncheon, luncheon and business meeting, banquet 
and miniature opera presentation, Open House at IIT’s Technical Drawing Depart- 
nent, tour of the Chicago Tribune plant, and optional field trips to Chicago landmarks. 


Enrollment and Incomes in Civil Engineering 
can be Increased* 


By HARRY RUBEY 


Chairman, Department of Civil Engineering, University of Missouri 


Civil engineering has dropped to third 
place in enrollment and incomes. What 
can we educators do about it? 

This paper attempts to look forward 
from fifty years of experience and to 
resolve the paradox of enrollment and 
income falling relatively while more 
graduates at higher incomes are needed 
for the technical and management staffs 
of American industry, especially for its 
largest industry, construction. The paper 
iterates briefly and brings up to date a 
paper and bibliography on a similar topic 
presented a year ago and published in 
condensed form in the Civil Engineering 
Bulletin of ASEE for March 1955. It 
should be useful in applying the findings 
of the ASEE Committee on Evaluation. 


The Crisis 


We, at the height, are ready to decline. 
There is a tide in the affairs of men, 
Which, taken at the flood, leads on to 
fortune; 
Omitted, all the voyage of their life 
Is bound in shallows and in miseries. 
On such a full sea are we now afloat, 
And we must take the current when it 
serves 
Or lose our ventures. 
From Shakespeare’s Julius Caesar 


A critical shortage of engineers threat- 
ens national welfare. Secretary of the 
Air Force Quarles has recently written 
that this shortage of engineering and sci- 
ence graduates is a major peril to the 


* Presented at the Annual Meeting of 
ASEE, Civil Engineering Division, Penn 
State University, June 23, 1955. 
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United States, in contrast to the much 
greater number educated in these fields in 
Russia. Lt. Gen. Groves (retired), atomic 
expert, questions “How long can we ex. 
pect to survive if our present annual 
production of engineers is only 20,000 and 
not increasing, while Russia’s is 54,000 
and constantly increasing?” We must 
note further that Russia also greatly sur. 
passes us in training sub-professionals 
and in emphasizing mathematics and s¢- 
ence at both higher and lower level. 
Both Churchill and Eisenhower indicate 
that our present technical superiority 
may be short-lived. 

As an example of great importance to 
civil engineering, the national Associated 
General Contractors of America, the na- 
tional Highway Research Board, and 
many others warn that a shortage of civil 
engineers threatens construction and this 
in turn menaces all industry and national 
defense. 


Construction and Education Are Essential 
for Full Employment 


Most business commentators credit con- 
struction as a bulwark of present pros- 
perity. Furthermore, prosperity for the 
future is even more dependent on cor- 
struction and education. Construction 
will provide immediate jobs, and educa- 
tion will keep part of the labor surplus 
in school. For the more distant future, 
they together will provide the research, 
plant, equipment and personnel housing, 
automation, technical and management 
personnel, know-how, and jobs needed to 
absorb the two million new workers that 
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will be added each year to our present 
working foree of sixty-five million per- 
sons. Construction needs more civil engi- 
neers; then it will provide more new in- 
dustrial facilities that will employ more 
workers. Consumer and war spending 
does not create new plants although it 
does create a demand for them. 

This constantly increasing supply of 
jobs is essential for increased living stand- 
ards, for strengthened national defense, 
for winning political elections, and for 
the very life of a successful democracy. 
We are committed to it politically. No 
party can win an election without full 
employment. The alternative to a large 
eonstruction program is a change of polit- 
ical administrations, unbalanced budgets, 
increased debt, inflation, and the ruinous 
effects of unsound money especially on 
white collar, old age, and low income 
groups. Construction can be largely self- 
liquidating and will support much educa- 
tion, both directly and indirectly. 


Construction 


For several years expenditure for con- 
struction, replacement, and maintenance 
of our industrial and governmental plants 
has exceeded $50 billion annually, thus 
becoming America’s largest industry. 
The 1954 expenditures of $52 billion are 
inereasing to over $56 billion in 1955 and 
should continue at rising levels. The 
overall construction program will com- 
prise 15% of the total national production 
and will employ nearly 10 million work- 
ers. The highway program alone may 
spend $100 billion over the next 10 years. 

Investigation by the national Associ- 
ated General Contractors has indicated 
that adequate material, labor, and equip- 
ment will be forthcoming, but that the 
bottleneck in construction is the increas- 
ing shortage of construction engineers. 
The national Highway Research Board 
estimates that most of a year’s entire 
U. 8. output of civil engineering gradu- 
ates may be needed soon for highways 
alone, instead of the few per cent an- 
nually entering that field. 
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High School Preparation 


So that their students may be prepared 
for engineering, high schools must em- 
phasize mathematics and science, espe- 
cially mathematics, since such studies in 
high schools have dropped to an all-time 
low. Of a recent rural high school group 
of 250 boys and girls, a very satisfactory 
36 per cent, all men, were interested in 
engineering, but only 5 per cent had the 
required 3 units of mathematics, 7 per 
cent had 2 units, and the balance 1 unit 
or less. This fatal obstacle must be over- 
come. More high school graduates of 
both sexes must be attracted to the large 
and well-paid fields of construction and 
management. 


Civil Engineering Education 


The engineering colleges must double 
their output of civil engineering gradu- 
ates, of whom about a third enter the 
armed forces and another third accept 
minor management positions. Corre- 
sponding attention must be given to grad- 
uate study and research in the construc- 
tion field. Such an educational program 
will be designed to give better, quicker, 
and less expensive construction; to re- 
verse the increasing construction costs 
that now are a burden on every business 
and every individual; and to facilitate 
national defense. 

There now exists the greatest potential 
demand ever known for civil engineers. 
Civil engineering technology is neither 
new nor spectacular, is not advancing as 
rapidly as that of other engineering, and 
cannot compete on these bases. Its lack 
of appeal to young men and women must 
be corrected. Considering all depart- 
ments of engineering, civil now suffers 
slightly lower median incomes, due 
largely to low governmental salaries. By 
fortunate contrast, contracting and pro- 
fessional management pay the highest. 
Remedial action is mandatory. How little 
is, or can be, done by engineering societies 
toward increased incomes is explained in 
an editorial in Engineering News-Record 
for March 17, 1955. 
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Construction and “Professional” 
Management 


How can we regain our lost prestige? 


Minor alleviation will not revive a de- 


clining phase of education, as witness the 
dead languages. We must maintain our 
proved and established disciplines but 
realize today’s need for engineered con- 
struction and for professional manage- 
ment, then realistically prepare more stu- 
dents to meet modern critical industrial 
and defense demands while assuring in- 
creased incomes for them. The actual 
curricular change needed is slight and is 
far within the 10 per cent allowed by the 
ASEE Committee on Evaluation. Massa- 
chusetts Institute of Technology already 
has a major option in Construction and 
Management. We at the University of 
Missouri now use only six credits or four 
per cent of the curriculum for Construe- 
tion and Professional Management, and 
other engineering colleges have similar 
programs. It is not advocated that de- 
seriptive details of construction and man- 
agement be taught in college nor is it 
contended that the four-year graduate 
entering construction and management is 
fully educated. He, like the researcher 
or designer, must continue to learn al- 
though he will undertake graduate study 
less often. 

However, as anything we want stu- 
dents to consider seriously, the importance 
of construction and professional manage- 
ment must be impressed upon them in 
many ways, although not glamourized. 
For example, they should know that al- 
ready the 1950 census classifies half of 
professional civil engineers in construc- 
tion, that management is now a profes- 
sion requiring an educated professional 
viewpoint which is easily included in en- 
gineering curricula, that getting along 
with people is essential for both construc- 
tion and management, and that even the 
technical engineer must know and conform 
to the aims of construction and manage- 
ment. Construction and management 
situations should be emphasized more in 
most of our courses. In line with modern 
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trends and developments, we should pub- 
licize such terms as engineer-contractor, 
engineered construction, construction man- 
agement, and professional management, 

Construction (including suppliers of 
materials, equipment, and the like) pro- 
vides mainly management openings. In 
addition, there are excellent positions for 
our men in the professional management 
of government such as in city manager. 
ship and in highways; and in industry 
other than construction such as the rail- 
way, aircraft, oil, steel, chemical, and 
public utility fields. Fortunately, the 
civil engineer who is qualified in con- 
struction management can either remain 
in construction profitably or change over 
to upper level industrial management. 

Because of obsolescence, new products, 
bombing hazards, decentralization, and 
the like, the construction and expansion 
program today is often as important to 
an organization as its operations. Thus 
former engineer-managers of construction 
now are becoming even more necessary 
and valuable as top professional mana- 
gers for industry than in the past, and 
this has always been the civil engineer's 
main approach to top management. 

Many of our graduates will find sat- 
isfying careers intermediately between 
management and technology as staff offi- 
cers, consulting engineers, marketing spe- 
cialists, financial advisers, managers for 
associations, and the like. 


The Rise and Fall of Engineers as 
Managers 


Around the turn of the century, man- 
agers were strong entrepreneurs and lucky 
gamblers (rarely engineers) who built 
their own businesses, and often lost them. 
The few larger corporations were often in 
receiverships. 

Then followed a period of larger cor- 
porations managed mainly by lawyers, 
marketing men, financiers, and engineers 
who seldom had sought management posi- 
tions; more often they were impressed 
into management. Failures still predom- 
inated the scene. 
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ENROLLMENT AND INCOMES IN CIVIL ENGINEERING 


Since the great depression the need 
has become recognized for professional 
managers (most frequently engineers), 
not those rugged individualists of the 
early period nor the capable specialists 
of the middle period, but men trained 
from the beginning to become conservative 
professional managers (almost trustees) 
for unbelievably large and stable organ- 
izations where failure must be prevented. 
They are skilled in government, tax law, 
mergers, finance, public relations, and 
human relations; with their eye on man- 
agement at intermediate and high levels, 
including board policy determination and 
above management details such as are usu- 
ally taught in colleges. This group must 
start early, for example in college, to 
partly direct their attention toward pro- 
fessional management rather than exclu- 
sively toward technical specialization and 
science. 

Civil engineers can better be pointed in 


"this direction while in college than can 


other kinds of engineers who are becom- 
ing increasingly swamped under special- 
izations in science, technology, and gadg- 
ets. Art, rather than science, characterizes 
both civil engineering and management. 
Even before this trend toward science the 
larger corporations favored civil engineers 
as managers. For example, half of the 
presidents of our larger railroads were 
civil engineers, while no other engineers 
oceupied presidencies even though there 
were nearly as many of them on railroads 
as there were of civil engineers. And civil 
engineer executives predominated in the 
growing steel, oil, and other large indus- 
tries. Consulting engineer-management 
firms frequently were staffed with a con- 
siderable proportion of civil engineers. 
In November, 1952, a study in Fortune 
magazine showed nearly 45% of Amer- 
iea’s top industrial management to have 
engineering backgrounds. But it also 
showed that this percentage was greatly 
decreased (to 28%) for those under 50 
years of age; in other words, that the pro- 
portion of engineers in top management 
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had passed the peak and that younger 
engineers already were losing out to non- 
engineers (often to graduates in business 
administration) who more aggressively 
prepared and sold themselves for manage- 
ment. 

Now civil engineers are losing their 
hardwon leadership and new examples of 
missing their management opportunities 
oceur constantly. For almost the first 
time in history, a baggage master instead 
of a civil engineer has been made president 
of the Pennsylvania Railroad; a board 
chairman and civil engineer of Standard 
Oil of New Jersey was succeeded by a 
geologist; civil engineer president of 
A. T. & T. was succeeded by an electrical 
engineer; a cost-accountant has become 
board chairman of Ford Motors although 
in the past civil engineers like the late 
L. F. Loree, not accountants, mounted to 
top management through cost controls; a 
lawyer-financier has succeeded a civil en- 
gineer as board chairman of U. S. Steel; 
and a civil engineer president of the great 
Canadian Pacific Railway has been suc- 
ceeded by a mechanical engineer with 
some interest in management. 

There are those who will say that we 
should train good engineers and some will 
become managers, but nowadays the odds 
are against them and the possibility in this 
direction is rapidly diminishing. Civil en- 
gineers in the past were drafted into man- 
agement, sometimes unwillingly, and they 
seldom prepared for or sought it. But 
conditions have changed. If we educators 
do not point out this management oppor- 
tunity and give introductory study leading 
to management, our few graduates will 
largely remain technicians or modestly 
paid professional engineers and they will 
not be given management responsibilities 
and training by their employers. 

Fortunately civil engineers now are 
needed to manage construction and can 
rise again in management by stressing 
education for construction and profes- 
sional management. By the same process, 
some will develop the art of “how to be 
happy, though managed.” 
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A Program 


The present low ebb in civil engineer- 
ing education has been developing over the 
years and will not remedy itself without 
strenuous effort on our part. Let us re- 
tain our established and proven disciplines 
but point them a little more toward con- 
struction and professional management, 
leaving additional basic science and spe- 
cialization for graduate study. The holder 
of a bachelor’s degree only seldom will 
become an outstanding professional de- 
signer, researcher, or educator and he 
should not be misled into thinking that 
he will. 

As our management-trained civils take 
over more management positions that 
were being filled by others, those civil 
engineers remaining in design, develop- 
ment, research, and teaching will enroll 
for more graduate study, will become truly 
professional, and will be better paid. Our 
enrollment and prestige will increase; our 
graduates will think better of us; and 
from influential management positions 
they will more actively support us and 
our departments financially, by sending 
us students and employing them, and in 
other ways. 

The national Associated General Con- 
tractors last summer established an Edu- 
cational Committee that is prepared to 
increase actively its present cooperation 
with us. Chairman D. W. Winkelman of 
that Committee, also member of the Amer- 
ican Society of Civil Engineers and pres- 
ident of the D. W. Winkelman Company 
which has just completed part of the Ohio 
turnpike, is author of an important article 
entitled “Construction Management Needs 
the Civil Engineer” in Civil Engineering 
for February 1955 in which he states, 
. My purpose here is to stress what 
I believe is the equal necessity for thor- 
oughly competent men to engage in the 
management of construction firms which 
actually build those facilities that are vital 
to the progress of the country. ... Man- 


agement needs the civil engineer with con. 
struction experience and managerial and 
executive ability.” 


Conclusion 


In conclusion may I plead that civil en- 
gineering educators collaborate in a con- 
prehensive and _ inter-related five-fold 
campaign before it is too late, including: 


1. More mathematics in high schools, 
starting in junior high and involving 
close cooperation with high schools, 

2. More effective solicitation of high 
school students, assisted by the As- 
sociated General Contractors, high- 
way departments, and industry. 

3. At least one course at the senior- 
graduate level in Construction (man- 
agement, not construction details) 
and one course in The Engineer’ 
Relation to Professional Manage 
ment (principles, not details), per- 
haps including introductions to law 
and engineering economy. 

4, Emphasis on these areas in ow 
classes and public relations. 

5. Sufficient research, graduate study, 
and public relations to assure get- 
ting our share of the college student 
body. 


For the want of a nail the shoe was lost, 

For the want a of shoe the horse was 
lost, 

For the want of a horse the rider was 
lost, 

For the want of a rider the battle was 
lost, 

For the want of a battle the kingdom 
was lost, 

And all for want of a horseshoe-nail. 


From Benjamin Franklin’s Poor Richard 


For the want of a realistic shift in 
emphasis, shall civil engineering accept 
a permanent third place in engineering! 
All five points of the campaign must be 
adopted together; they will not be effec 
tive separately. 
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Designing the Educational Program * 


By G. A. HAWKINS 


Dean of Engineering, Purdue University 


During the past several years consider- 
able confusion and many differences in 
opinion have resulted from discussions 
dealing with the remodeling of mechan- 
ieal engineering curricula. The problem 
is complicated by those who are advocat- 
ing more solid state or modern physics, 
more industrial management, and more of 
this and that. As a result some of us 
are redesigning programs of study simply 
by reshuffling courses, adding one or two 
and removing others in a manner which is 


‘not based on sound engineering analysis 


and synthesis. 

My plea is to design the educational 
program in the same way that we would 
design any complex engineering system. 
First let us define the problem, establish 
the fundamental elements, design the pro- 
gram, and develop courses to accomplish 
the objectives. 

In order to present my thoughts, I wish 
to define engineering in the following 
manner : 


Engineering encompasses the applica- 
tion of various principles and concepts 
of the physical and life sciences and 
background knowledge (the basis of the 
art of engineering) to the study, crea- 
tion, and design of systems composed of 
structures, energy converters, circuits, 
processes, or combinations of these ele- 
ments; and the analysis, synthesis, and 
prediction of their behavior under spec- 
ified working conditions in terms of 
men, materials, cost, and time. 


_*Presented at the Mechanical Engineer- 
mg Division Dinner, Annual Meeting of 
ASEE, University of Illinois, June 16, 1954. 


I. Characteristics of Professional 
Engineering 

Having established this concept of engi- 
neering, it seems desirable to consider 
briefly the characteristics of professional 
engineering. For this discussion, I would 
like to utilize information furnished me 
during personal conferences with Dean 
A. A. Potter, Dean L. M. K. Boelter, Dean 
C. S. Hollister, and many practicing en- 
gineers. A composite opinion indicates 
that some of the characteristic require- 
ments and situations which confront pro- 
fessional engineers are: 

1. Professional engineers are assigned 
specific tasks during the course of their 
work. This is not always the case with 
the scientists, for they are often free to 
select the problems which most interest 
them. 

2. Professional engineers are always re- 
quired to meet deadlines. They must 
reach a decision during a specified time 
interval. In general, time does not play 
so vital a part in the work of the scientist. 

3. Professional engineers are almost al- 
ways obliged to work closely with other 
people who have not been trained as engi- 
neers. Due to the complex nature of 
their problems and the many social fac- 
tors involved, engineers often work as 
members of a team. For example, the de- 
sign of a dam requires, in addition to the 
services of the engineers, assistance from 
geologists, economists, meteorologists, and 
many others. The scientist on the other 
hand often works alone or mainly with 
other scientists. 

4. Professional engineers must devote 
their attention to problems which they 
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know will affect the lives of men in the 
future, while the technicians deal mainly 
with the problems of the day. The early 
civil engineers who laid out the railroads 
affected the lives of men for generations; 
since, in the design of the railroads, they 
indirectly -established the locations for 
some of the great cities of today. 

5. Like other professional men, the en- 
gineers must accept the responsibility of 
lifelong learning in order to keep pace 
with technical and social advances in their 
area of interest. 

6. Professional engineers also must de- 
velop a keen sense of values and stand- 
ards. Appreciation of human, moral, 
social, aesthetic, economic, professional, 
and of many other values is a necessary 
part of the engineer’s make-up. 

These are only six of the main fac- 
tors which characterize and in some re- 
spects distinguish the professional engi- 
neers and their work; they should be kept 
in mind, along with the definition of engi- 
neering, during the remainder of this dis- 
cussion. 


II. Other Functions Performed 
by Engineers 


There is no doubt that the education 
received by engineering students prepares 


Designation of Engineers 


1. The Engineering-Scientist 


DESIGNING THE EDUCATIONAL PROGRAM 


them to perform with significant succes 
many functions other than design—sy¢ 
as management, sales, operations, ani 
maintenance. A great many engineerin: 
graduates have distinguished themselys 
in the management of industries, ani 
many have risen to high executive po. 
tions. 

The feeling has grown, especially amoy 
this group, that the subject matter of ir. 
struction should be changed to contaiz 
more knowledge of the actual procedure 
of management—even of top management 
—of finance, marketing, inventory co- 
trol, ete. This influential opinion has hai 
the effect in some instances of diluting the 
engineering programs with courses not di. 
rected toward meeting the main objective 
of engineering as set forth above. Th 
question then naturally arises: What per 
centage of graduating engineers actually 
pursue engineering work? 

It is most difficult to acquire data rel. 
tive to the classification of the work d 
engineers in industry and other organin- 
tions. As a result of discussions with 
many engineering educators and industri 
people, it appears to me reasonable ti 
assume that the graduates of engineeriy 
programs who pursue engineering asi 
career are distributed in the followin 
manner: 


Percentage 
5 to 10 


These engineers are creative and discover new facts about engi- 


neering systems. 
teachers. 
2. The Creative-Design Engineer 


This category also includes many engineering 


10 to 20 


These are the creative individuals who actually design new engi- 
neering systems and put newly discovered principles into use. 


3. The Functional Engineer 


40 to 50 


These engineers employ orthodox methods and established prin- 
ciples in the design of conventional details of manufacturing plants 
and public utilities and they build, operate, and maintain these 


plants and their equipment. 
4. The Engineer-Technician 


10 to 20 


Engineers in this group devote their attention to the more 
routine tasks such as drafting, testing, inspection, record analysis, 


chemical and metallurgical analysis, ete. 


5. Engineers in Non-Engineering Work 
6. Executive and Administrators 


5 to 10 


A large number of engineers in each of the above categories find 
themselves 10 years after graduation in executive, administrative, 
or ownership posts in industry, government, and utilities. 
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All of these engineers are of vital im- 
portance in our modern society since each 
has his particular task to perform. The 
results of their labors account in large 
measure for the great industrial growth 
of America. 

Let us assume that many of the grad- 
uating engineers elect functions such as 
management and others which are not 
strictly engineering according to my def- 
inition. It then becomes apparent that 
for every 100 engineering graduates only 
afew will be in the engineer-scientist and 
ereative-design engineer classifications. 


III. The Dilemma of the Curriculum 


We now find ourselves in an apparent 
dilemma! We are asked to set up a cur- 
riculum that will provide education for 
several classes of engineers as well as for 
those who have no intention of entering 
any area of engineering. ~ The difficulty 
is further compounded by the fact that 
many of the students are not mature 
enough even as seniors to decide what 
their particular life work shall be. 

I would offer the following tentative 
proposal to meet this seemingly difficult 
requirement: Let us provide the basic 
education needed for professional engi- 
neering as defined above in the knowl- 
edge that many more such professional 
men will be needed in the future and in 
the belief, so largely confirmed by past 
experience, that such education—as much 
as can be comprehended—will be of the 
greatest value to all “classes” of the engi- 
neering “fraternity” as well as to others 
who wander from the fold of engineering. 
At this time it is not clear to me that any 
other type of education is more helpful as 
a general preparation for anyone who 
must find his way in the industrial world 
of the technological future. 

For the remainder of this discussion I 
would like to present the fundamental 
concepts or elements which should be used 
to effectively design sound educational 
programs for professional engineers. 


243 
IV. The Design Elements for a Program 
in Engineering Education 


The first of these is the learning process. 
Under this heading should be considered 
motivation. Many of our freshmen en- 
gineers arrive on the campus with en- 
thusiasm for the enginering profession. 
Instead of keeping their interest in engi- 
neering at a high level, we have a tend- 
eney to reduce it by assigning too many 
non-engineering courses in subjects that 
seem to the freshman to be unrelated to 
his profession. At Purdue we intend to 
alter the freshman year by introducing 
a basic enginering course which will be 
designed to increase their enthusiasm for 
engineering and at the same time show 
the importance of chemistry, mathematics, 
and English for later engineering work. 

Next come the laws of learning. Few 
of the freshmen have a clear understand- 
ing of the learning process, which includes 
such items as proper study habits, reten- 
tion curves, ete. In order to introduce 
them to these important matters and at 
the same time strengthen their interest in 
engineering, we expect to use concepts 
such as a cireuit analogy, ete. In so doing 
we will be able to show these essential 
factors in terms of an engineering system. 

We hope to present to the student many 
experiences in deductive and inductive 
reasoning starting in the freshman year. 
It is felt that by careful integration of 
subject matter considerable success will be 
achieved. Every effort will: be made to 
impress upon each student the impor- 
tance of education as an individual affair. 
The student must be persuaded that if 
he does not have the basic desire to learn, 
his failure is inevitable. 

It is hoped that during the four-year 
period we will be able to impress upon 
him that life-long learning is essential for 
true success. Too many of our graduates 
feel that commencement is the terminal 
point in their education. 

According to our studies the second 
basic element to be considered in the de- 
sign of the enginering curriculum is the 
development on the part of the student 
of a keen appreciation of the languages 
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of engineering. The basic language is, 
of course, the native tongue. A reading 
knowledge of one or more foreign tongues 
would be advantageous. One of the fun- 


damental needs, therefore, is greater facil-- 


ity in the use of English—both oral and 
written. Few of our students are afforded 
an opportunity to develop skill in oral ex- 
pression. A study of this matter will en- 
able us to improve existing procedures. 

The pictorial aspects of the modes of 
expression by engineers are drawing and 
sketching. Engineers need not devote 
hours to the development of skill in pro- 
ducing precise drawings, as this is be- 
coming the realm of the technical institute 
graduate known as the draftsman. Engi- 
neers should be proficient in sketching so 
that they can rapidly portray their ideas 
to the draftsman or machinist. 

The symbolic phase of the language of 
engineering consists of the students’ skill 
in mathematies as applied to engineering. 
Mathematics is a tool used by engineers, 
and as such should be taught as an ap- 
plication course. 

The third design element of an engi- 
neering curriculum is the understanding 
of natural laws and concepts. Greater 
integration of subject matter is required 
in the basie engineering courses. The 
natural laws presented in physics, chem- 
istry, psychology, ete., should receive 
greater emphasis. 

In many of the technical courses con- 
siderable time is devoted to studies of 
existing engineering equipment. Our goal 
is to develop capable engineers for the 
design problems of tomorrow. The equip- 
ment of today may become obsolete; hence 
time devoted to detailed descriptions could 
be more effectively used on enhancing the 
students’ understanding of basic prin- 
ciples. 

The fourth design element is apprecia- 
tion of engineering as defined. 

Engineering is both an art and a sci- 
ence. All problems in engineering are 
not solved by means of equations or tech- 
nical data. In many instances a great 
deal of experience is required. Often- 
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times the force fields are so extensive that 
one cannot deal with them by analytical 
methods. For example, in making the 
final selection of the site for a dam the 
chief designing engineer must utilize his 
wealth of background knowledge together 
with the information from reports pre. 
pared by specialists such as: geologists, 
soil mechanics experts, meteorologists, 
structural designers, economists, electrical 
distribution engineers and flood control 
experts. During a four-year program of 
undergraduate study it is not possible to 
teach the student the art of engineering; 
however, he should be made aware of its 
importance. 

The fifth design element is the general 
mode of analysis. Ideal and actual sys- 
tems should be distinguished from one 
another. 

The essential steps of the general mode 
of analysis are: (1) preparation of state- 
ment, (2) establishment of the ideal sys- 
tem, (3) specification of the boundary, 
(4) application of fundamental laws and 
knowledge, (5) prediction of the behavior 
of the actual systems, and finally (6) 
study of additional systems. Of course 
the general mode takes on special forms 
in particular areas of application. 

There are four general methods of at- 
tack: experimental, analytical, the use of 
models and analogs, and finally what 
might be called art. By art I mean the 
application of judgment based upon ex- 
perience. 

The sixth “design element” is that of 
laboratory experiences. During the four- 
year program the student will work in 
many different laboratories, ranging from 
the open campus in which he performs his 
freshman surveying work to the power 
plant where he tests a complete engineer- 
ing system. 

The seventh element is knowledge of the 
properties of materials used by engineers. 
The engineer is always confronted with 
the wise use of materials, and, in addition, 
he must eventually have an understanding 
of their costs and availability. Through- 
out his educational program the student 
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should receive instruction with respect 
to the many types of materials used in 
the fabrication of engineering systems. 

The eighth element is skill in mensura- 
tion and computation. The engineer is 
required to be familiar with various types 
of measuring instruments and their use. 
The proper measurement of such variables 
as time, distance, area, pressure, tempera- 
ture, resistance, voltage and flow is a vital 
part of the engineer’s storehouse of knowl- 
edge. The exercises in the surveying 
courses constitute an experience in the 
use of instruments for measuring lengths, 
areas, and angles. During any laboratory 
period the student should take every op- 
portunity to acquaint himself with all 
types of instruments, such as electron 
microscope, spectrograph, oscillograph, 
transit, chronograph, and strain gage 
equipment, 

The engineer is constantly confronted 
with several systems of symbols and units 
used for the designation of the physical 
quantities. Since no standard set of sym- 
bols or units have been agreed upon by all 
engineers, the student should begin to 
develop skill in transferring from one 
system to another. He should not com- 
plain when one instructor uses one set 
of units and another a different set. He 
must accept this as a challenge to develop 
skill in understanding all of them. 

By their very nature engineering prob- 
lems require computations; hence skill 
should be developed in the use of com- 
puters. The engineering student often 
starts to use a computer in the sophomore 
year, the slide rule. He should be en- 
couraged to become familiar with all types 
of computers in use on the campus during 
his stay at the university. 

The ninth element is knowledge of regu- 
lation and control. All modern engineer- 
ing machines, processes, and circuits in- 
volve some kind of control or regulating 
instruments. The student should be en- 
couraged to study the types of instru- 
ments and controls used in all parts of 
systems; for example, in a modern auto- 
mobile one finds: the ignition switch, gear- 
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shift mechanism, speedometer, oil gauge, 
battery charge or discharge meter, fuel 
gauge, light switches, ete. 

Many opportunities should be afforded 
the student to observe control systems in 
the laboratory. Inspection trips should 
be arranged to industrial plants for the 
study of actual regulation and control 
systems. 

The tenth element is acquaintance with 
industrial processes. Modern industry 
uses a multitude of processes for the 
manufacture of end items. It is essential 
that the student have an appreciation and 
understanding of some of these. In the 
limited time available, it is possible only 
to introduce the student to a few of them 
in the laboratories, such as the manufac- 
turing process laboratory. 

Students should be encouraged to take 
full advantage of inspection trips and to 
seek summer employment that will enable 
them to become acquainted with the opera- 
tion of some of the important industrial 
processes. 

The eleventh element is appreciation of 
values. Before he can enjoy the status 
of a respected citizen in his community 
and become a worthy member of his pro- 
fession, the engineer must have developed 
an appreciation of certain values: human, 
moral, social, artistic, economic, and pro- 
fessional. 

He should endeavor to understand the 
actions of his fellow men and try to realize 
why they behave as they do before the 
problems which confront them, and with 
this understanding should come good will. 
He should seek to recognize and to cul- 
tivate truthfulness—honesty—integrity— 
especially in intellectual areas such as his 
own work. He should develop a strong 
sense of loyalty—to his fellow workers, 
to his employers, to his profession, to his 
country. He should contribute his best 
effort toward the various worthwhile co- 
operative undertakings in his community. 
He should develop an interest in school 
systems, local governments, ete. As a 
good citizen, he should study current 
events and take seriously his obligation 
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to vote. He should seek an understanding 
of music, art, drama, ete. This will help 
him to appreciate the aesthetic qualities 
of his own work as an engineer. The 
student should develop an appreciation of 
economic values; for example, the value 
of new discoveries and inventions. In- 
deed, without this he cannot be an engi- 
neer. Every student and engineer should 
have a pride in his profession and con- 
tribute ideas that will help to enhance the 
standing of engineering. The student 
should be encouraged to join a student 
engineering society before graduation and 
to take part in its activities, seeking, if 
possible, to improve them. 

The sense of value is an awareness and 
a conviction that one gets from others 
who have it. It can be shared but not 
legislated into existence. The opportunity 
of the college to help the student in this 
area therefore depends primarily upon 
the teachers—the quality and intensity of 
their sense of values. The curriculun, it- 
self, is of secondary importance. 

The final element of my list is the in- 
tegration of subject matter for design. 
As the student progresses he should be 
encouraged to be on the lookout for ways 
and means for correlating and integrat- 
ing fundamental knowledge. The more of 
this he can do, the stronger his founda- 
tion will be. For example, there are cer- 
tain basic laws and relations which de- 
seribe the flow of electricity in a circuit; 
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many of whose equations apply also 
the flow of a fluid through a pipe or th: 
flow of heat through a building wall. Th 
techniques for solving the one set of equ. 
tions are, of course, essentially the san 
as for the others. 

When or if we succeed in combining jp 
proper proportion and emphasis the 
twelve basic elements herein proposed, 
then we shall have developed an appropri 
ate curriculum for the engineers of the 
unpredictable but almost certainly trying 
times just ahead. 
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National Science Foundation Offers Graduate 
Science Fellowships 


College seniors and graduate science students can submit applications for the mor 
than 750 fellowships for a year of graduate study during the 1956-57 academic yea. 
Applications can be obtained from the Fellowship Office, National Research Cound 
Washington 25, D. C. Closing dates for receipt of applications are December 1), 
1955, for postdoctoral applicants, and January 3, 1956, for graduate students working 
toward advanced degrees in science. Selections will be announced March 15, 1956. 
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Where Are We Going in Engineering 
Education?* 


By R. L. SWEIGERT 
Dean, Graduate Division, Georgia Institute of Technology 


In any discussion of engineering educa- 
tion there appears to be two points of 
view possible, one of which leads to educa- 
tion for a learned profession, the other, 
to a general type of education that is 
supposed to be good preparation for a 
variety of activities. 

A letter that I recently received asked 
this question about engineers: are we 
tradesmen, technicians, or members of a 
learned profession? This question is go- 


ing to be answered as time passes whether 


or not those of us concerned with engi- 
neering answer it. Outside influences will 
produce an answer for us if we do noth- 
ing or little about it, and we may not like 
that kind of an answer! 

Our unwillingness to have provided an 
answer to the question is helping the 
movement towards unionism and unionism 
can hardly be classified as part of a 
learned profession. A leading labor- 
leader before a Senate Committee stated 
that he had been unable to find any dis- 
tinction being made between the techni- 
cian and the engineer, and that as far as 
he was concerned, the technician, the en- 
gineer, and the man working at a lathe 
were all the same. 

If engineering is a learned profession, 
and I believe that it is, then it can be de- 
fined in terms that will indicate such a 
condition. Before we can proceed with 
the development of a better profession 
and better professional engineering edu- 


*Paper presented at Annual Meeting of 
Missouri-Arkansas Section, American Soci- 
ety for Engineering Education, Columbia, 
Missouri, March 26, 1955. 
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cation, the profession must be explicity 
defined. Without it being carefully de- 
fined how can we carry forward engineer- 
ing education? If engineering education 
is to be preparation for a profession then 
what must be the prime consideration. 

I would like to point out two things. 
First, there has been no scientifie type of 
evidence that shows that engineering edu- 
cation is a good preparation for most 
anything; and second, there is no other 
place for one to get a professional engi- 
neering education than in an engineering 
school, but there are other educational 
places for those entering other types of 
activities. Therefore our prime concern 
should be for the young man who desires 
an education that will prepare him to be- 
come a professional engineer and this 
should receive first consideration regard- 
less of the fact that we will always have 
a number particularly at the undergrad- 
uate level who will go in other directions. 
Some professional engineers may become 
administrators. Administration should 
not be regarded as the end point for a 
professional engineer. If engineering is 
to be a worthwhile profession, it must 
stand on its own feet. Young men should 
enter the study of enginering because they 
have a strong desire to be professional 
men of the highest competence in the 
practice in the profession. If its function 
is to be a stepping stone then it doesn’t 
deserve a place amongst the learned pro- 
fessions. We will not have the profession 
that we should have until our engineering 
education is directed primarily towards 
preparation for the profession and we 
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look upon becoming a top engineer as a 
final goal in itself. Engineering should 
and can stand upon its own feet. 

Now how can we define engineering so 
that it will show that it is rightfully one 
of the learned professions? To be a pro- 
fession there needs to be something dis- 
tinetive about it. Careful examination 
shows that design is a prime characteristic. 
But there are all kinds of design. There- 
fore it must be carefully specified. We 
ean say that professional engineering in- 
cludes the functions of research leading 
to design; development, which naturally 
leads to design; and creative design based 
upon the application of mathematics, the 
physical sciences, and any other appro- 
priate sciences. I believe this definition 
makes the profession of engineering dis- 
tinctive, separating it from technician 
level work and from the work of the sci- 
entist. It also indicates the characteristic 
of a learned profession involving extensive 
educational preparation. Professional en- 
gineers may perform professional work in 
other functions where the same full knowl- 
edge of design is called for. Such fune- 
tions however should not be classified as 
engineering functions. Professional en- 
gineering is creative and covers design of 
devices, systems, and processes. 

The work of the technician with which 
professional engineering practice is fre- 
quently confused, is different. It is not 
creative but is routine and repetitive in 
character. Technicians function in op- 
eration, maintenance, service, production, 
installation, and sales. They follow the 
professional engineer’s instructions and 
perform repetitive calculations and other 
repetitive operations. 

I suspect in the light of the definition 
above the engineering schools have turned 
out a high proportion of technicians. 
Two year Technical Institute graduates 
ean take over many technician jobs but 
we also may need a number of four year 
technicians, and it becomes a problem of 
the future whether or not we should train 
technicians in professional engineering 
schools although probably there will al- 
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ways be a number of four year men wh 
may not be able to become profession; 
men and therefore can perform a much 
needed work at the technician level. 


Becoming More Scientific 


As we note the direction that the engi. 
neering profession appears to be moving 
that while it remains an art, it is never. 
theless becoming much more scientific. As 
science advances the profession must aly 
advance in the same way or otherwise th 
scientist must step over into the engineer. 
ing field as has frequently been the eas, 

Coming back to our definition, if it is 
accepted, then we have the direction in- 
dicated that our engineering education 
programs should take. 

It is evident that if we are concerned 
with design based upon mathematics, the 
physical sciences and other appropriate 
sciences, then our programs should pr- 
vide that background in such a manner 
that it is useful; that means giving a 
least an amount upon which one ean buili 
effectively. 

Certain sciences due to their extensive 
engineering use have become known as ét- 
gineering sciences. There are six of thes 
of importance to prospective engineer 
at the present time and therefore of im- 
portance in engineering education. Thee 
engineering sciences call for a back 
ground in mathematics and science. The 
engineering sciences should be given usitg 
the sciences and mathematics. 

Following this background the studeat 
should be prepared to take up analysis 
and be initiated into creative design. It 
should be noted that the undergraduate 
student can only be introduced to the er 
gineering sciences in a four year currict- 
lum, and the creative design courses alt 
naturally limited to this introductory 
level. The four year program is prt 
paratory, not professional. 

While the suggestion of bifurcation 
seems to be thoroughly frowned up0, 
nevertheless the idea continually rears is 
head. We are confronted with tw 
classes of functions for which we hav 
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been preparing young men; the profes- 
sional functions already mentioned and 
such other broad non-professional fune- 
tis as service, operation, maintenance, 
sales, engineering aid, ete. These differ- 
ences can be provided for by electives 
which in operation then become equiva- 
lent to bifurcation. Those not going into 
strictly professional functions do not 
appear to need as much science, mathe- 
matics, or engineering science, while those 
with professional objectives would need 
the science and mathematics. 

An appropriate sequence of general 
subjects is also part of the educational 
picture but if we keep in mind Sir 
Richard Livingston’s philosophy we will 
not dilute our programs to the extent of 
harming the strictly professional prepa- 
ration. Sir Richard Livingston is an out- 
standing liberal arts educator in England. 
He states to profit from liberal studies, 
a student needs a life background upon 
which to understand and interpret such 
studies. Maturity is essential. Liberal 
studies should receive more attention at 
the graduate level. At present they re- 
ceive almost no attention. 

Since the preparation that we have 
been talking about is essentially pre- 
professional, it must be followed by ad- 
vanced professional study at the graduate 
level or by equivalent individual study. 
Young men with the necessary energy, 
drive, and persistence can gain this pro- 
fessional education themselves but I be- 
lieve that it will become more and more 
apparent to such men that they can gain 
their objectives better by graduate study 
in engineering at a qualified engineering 
school. Let us move in the direction of 
adequate and full preparation for the 
profession. The pressure for off-campus 
graduate work in engineering shows the 
need for this preparation. 

Before leaving the discussion of pro- 
grams I would like to refer again to the 
fact that the principle background for 
engineering comes from physics, and 
chemistry with the use of mathematics 
a tool. 
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With this condition, at the under- 
graduate level we might need to be con- 
fronted with only two programs, one 
based primarily upon physics and one 
based primarily upon chemistry. This 
would eliminate the fragmentation that 
we now have. 

Such undergraduate programs would 
give excellent preparation for profes- 
sional study at the graduate level where 
the students would enter more specifically 
into mechanical, electrical and other ap- 
plied fields. Professional graduate study 
should be essentially advanced study of 
appropriate engineering sciences along 
with work in creative design and research. 
Through the thesis we can perhaps ap- 
proach as closely to the art of engineer- 
ing as can be done on a campus. 


Shortage in Brainpower 


We should be concerned about a short- 
age in engineering brainpower rather 
than a shortage in bodies. We have not 
educated our prospective engineers to the 
level to enable them to function the most 
effectively in modern engineering practice. 

We have done all right in training tech- 
nicians and a rather high proportion of 
our Bachelor’s men have become techni- 
cians. They are doing a needed work but 
are not creative. 

We need the right combination of stu- 
dents, faculty, facilities, programs, and 
money to produce the most effective edu- 
cation possible for professional engineers 
and also for four year technicians which 
undoubtedly we will continue to train for 
some time. What finally may be the full 
impact of technical institutes is not clear, 
but their development may change some 
of the things now going on in engineering 
schools. 

We need better students resulting in 
reduced attrition, more professionally and 
scientifically minded faculties, more cre- 
ative faculties, more scientific and fuller 
developed programs to the top level, and 
appropriate facilities to develop under- 
standing, know-how, and creativity. 
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Perhaps we can make a rough compari- 
son between 1900, 1950, and the year 2000. 
In 1900 most of the engineers had no 
college education and perhaps a degree 
was looked. upon with some disfavor. 
Today, Bachelor’s degrees are the rule 
and the doctorate is the more rare level 
to-day. 

If some of the present trends continue, 
by the year 2000 it is quite possible that 
professional engineers will be coming out 
at the doctorate level. 

Then because of the extended period of 
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education and a recognition of its level, 
engineering will become much better re. 
ognized as a learned profession which jt 
appears difficult to bring about to-day, 
It will be much easier to separate unin 
activities from the profession. 

Let us put aside that part of tradition 
that holds us back and let us advance en. 
gineering to a recognized unified learned 
profession. This we can do if we all put 
our shoulder to the wheel. Let us al 
look to the future to one of the finest of 
the learned professions. 


College Notes 


A teaching professorship in chemical 
engineering, believed to be the first in- 
dustrially-sponsored university chair spe- 
cifically limited to undergraduate in- 
struction, will be established at Cornell 
University with funds given by Socony 
Mobil Oil Company, Ine. 


Dr. Charles G. Overberger has been 
appointed head of the Department of 


Chemistry at the Polytechnic Instituk 
of Brooklyn. 


A Department of Industrial Engineer. 
ing has been added to Stanford Univer 
sity’s School of Engineering. Professor 
W. Grant Ireson will head the new de 
partment which offers studies leading to 
degrees of bachelor of science and mas 
ter of science in industrial engineering. 
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The Place of Solid State Physics in Engineering 


By H. V. FAIRBANKS 
Professor of Metallurgical Engineering, West Virginia University 


Introduction 


Much is known about the laws which 
govern gases and liquids, but only in re- 
cent years has extensive work been done 
to discover the laws and in particular the 
mechanisms which govern the behavior 
of solids. 

In engineering, solids are one of our 
major materials, if not the major mate- 
rial, with which we work. For years we 
have dealt empirically with such proper- 
ties as creep, fatigue, corrosion, electrical 
resistance, magnetism, wear, hardness and 
strength of materials. Today through the 
use of solid state physics, we have been 


‘able to approach some of our problems 


ina more direct scientific manner. And 
as our basic knowledge in solid state 
physics increases, more problems are 
solved and better yet, new applications 
for the solid materials are found. 

This shift of the technical base of en- 
gineering from one which was largely 
empirical to one which is scientific has 
inereased the importance for engineers 
to be well grounded in the basis sciences. 
The body of scientific knowledge in these 
fields, as we all know, is growing very 
rapidly. But of more importance to the 
engineering profession is the equally 
rapid decrease of the time interval be- 
tween a discovery in pure science and its 
practical utilization. 


History 


In regard to solid state physics, let us 
take a look at the developments over the 
past years which have helped to create 
this important branch of science. Start- 
ing back in 1869, we find that Mendelyeev 
arranged the elements according to their 
atomie weights into a chart known as the 
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periodic table. From this arrangement, 
the periodicity in properties of the ele- 
ments were noted. This led to predictions 
as to what properties one might expect 
when the elements were added to a metal 
to produce an alloy. 

In 1876 Gibbs formulated his phase 
rule which has aided us in our knowledge 
as to what factors influence a given sys- 
tem. Among its many uses, it has served 
to define the eutectoid as a point instead 
of a line on the iron-iron carbide phase 
diagram. 

At the turn of the twentieth century, 
many scientific discoveries were made 
which have had a direct bearing on our 
present day science of solid state physics. 
Among these are Rontgen’s observation 
that cathode rays impinged on matter 
produced X-rays, Madame Curie’s isola- 
tion of radium and study of magnetism, 
Thomson’s experiment which proved that 
cathode rays were made up of negatively 
charged particles, Plank’s quantum the- 
ory, and Hinstein’s famous equation re- 
lating energy to matter. 

With this as background, Lord Ruther- 
ford in 1911 conceived the modern nu- 
clear theory of matter. Two years later, 
Bohr expanded this theory by introducing 
the idea of energy levels for the electrons. 
Lorentz in 1916 extended the theory of 
Drude for the solid state of metal. His 
theory stated that metal crystals are made 
up of ions which are held together by a 
free electron gas. 

In 1925 wave mechanics was introduced 
for the study of the mechanism of atoms. 
Also in that year, Pauli announced his 
exclusion principle which stated that no 
two electrons in the same atom may have 
their four quantum numbers identical. 
During this same year, Hume-Rothery 
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formulated his famous rule of electron 
concentration which generally determines 
the type of crystal lattice system for 
metals in the solid state. For example, 
the electron to atom ratio of 3:2 is found 
for a body centered cubic; and a 7: 4 ratio 
for a close-packed hexagonal structure. 

In 1938 the theory of metallic bonding 
was greatly expanded by Pauling. He 
stated that the electrons which bind the 
metal ions together are in resonance be- 
tween the ions due to the fact that there 
are unfilled orbits in the metal atoms. 

Within the last 20 years, several sym- 
posiums and conferences have been held, 
and. numerous articles and books have 
been written upon the subject of the solid 
state of matter. The most recent ones 
have dealt with the imperfections found 
in the solids. Many explanations have 
been made to show how these imperfec- 
tions affect the properties of the solid 
materials. 


Applications 


Now let us look at some of the appli- 
cations that have come from these theo- 
ries. The constant value of resistivity of 
Constantin over a rather large tempera- 
ture range has been found to be due to 
the release of trapped electrons by nickel 
in the third layer as the temperature of 
the metal is increased. The low coefficient 
of expansion of Invar over a given tem- 
perature range makes use of the con- 
traction effected by part of the material 
changing from the magnetic state to non- 
magnetic state which offsets the normal 
expansion caused by raising the temper- 
ature. Making use of this knowledge, 
other alloys have been fabricated which 
have better properties than either Con- 
stantin or Invar. 

Using our present physical theories, 
one comes to the conclusion that a per- 
fect metal crystal should have very little 
if any resistance to passage of electric 
current. It can also be calculated that 
metals should be 100 to 1000 times 
stronger than they are. The question 
arises: What causes this discrepancy be- 
tween our theories and actualities? 


The answer seems to lie with the jn. 
perfections which have been found in the 
metal crystals. These imperfections giye 
rise to higher than normal electric resist. 
ances and weaker than normal strength, 
The imperfections may be of many kinds, 
such as impurities, dislocations and va. 
eancies. Recently a method has been used 
which pretty well eliminates the impur- 
ties. These extremely pure metals are 
found to have lower electrical resistance 
and are extremely strong when of micro. 
scopic diameter. However, for normal 
sized masses of material it was found that 
the dislocations and vacancies within 1 
erystal apparently have a definite equi- 
librium value for any given temperature 
and pressure. 

Vacancies determine the rate of atom 
diffusion and play an important role in 
the sintering of compressed metal pov 
ders. This is of commercial importance 
in the fabrication process called powder 
metallurgy. 

As for dislocations, these are extn 
sheets of atoms which may contain be 
tween 10 to 10,000 atoms and are squeeze 
between but do not go all the length of 
the regular layers of atoms making w 
the crystal lattice structure. They pro- 
duce stresses in the areas where located 
and make voids in the end spaces adje- 
cent to them. Foreign atoms migrate to 
these areas and fill the voids locking the 
dislocations into place. This factor of 
locking dislocations into place is what 
causes the horizontal wavy portion of 
the stress-strain curve for mild steel when 
the proportionality limit has been ex 
ceeded. The explanation is as follows: 
(1) The stress applied to the metal causes 
the dislocations to move. (2) However, 
they are initially locked into place by the 
carbon atoms; therefore, a more tha 
normal amount of force is required for 
the dislocations to move. (3) When one 
moved they then move easily until they 
replace the position of another dislocs- 
tion. (4) The carbon atoms again lock 
the dislocation in place and as the plas 
tic deformation proceeds, the process 
repeated several times. 
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It has been estimated that under equi- 
librium conditions or in the annealed state 
108 dislocations are found in a cubic cen- 
timeter of a metal crystal. After severe 
cold working, 1011 dislocations per cubic 
centimeter are present. Plastic deforma- 
tion, therefore, not only moves the dis- 
locations but increases the number of 
dislocations present in the metal. These 
dislocations move along many directions 
within a metal erystal and meet like auto- 
mobiles at a street corner until there is 
a traffic jam. The resistance of disloca- 
tions to move across each other at these 
traffic jams causes what is known as work 
hardening of the metal. If further stress 
is applied, dislocations can be made to 
cross each other and large voids are 
formed. These voids may be seen at the 
break of a bar of rectangular cross-section 
which has been pulled in a tensile strength 
machine. 

We at West Virginia University are 
carrying on a research program in which 
we are measuring the amount of voids 
ceated by cold working of the metal 
through tension. This is obtained by 
measuring the resulting decrease in den- 
sity and checked by X-ray diffraction. 

The theory of dislocation also explains 
why metals are not as strong as caleu- 
lated. The mechanisms of movement of 
a dislocation is one which involves 10 or 
more adjacent atoms instead of a whole 
plane of atoms. In order to produce a 
movement of one atomic spacing both the 
top and bottom layers of atoms move and 
each atom involved may move only %o of 
an atomic spacing. This greatly reduces 
the foree required for the plastic defor- 
mation. This mechanism of movement 
also accounts for the fact that metals do 
: fracture when deformation takes 
place, 

Let us now turn our attention to other 
phenomenon which have been aided by 
slid state physics. It has been found 
that the first stage of ereep may be con- 
‘iderably reduced by putting in low 
agle grain boundaries and by coarsening 
the grain structure. This may be accom- 
plished by prestressing the metal 3% fol- 
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lowed by annealing. In the field of elec- 
trical engineering power losses in trans- 
former, motor and generator cores are 
being reduced by crystal orientation of 
coarse-grained 3.5% silicon sheet. The 
processing is similar to that just men- 
tioned. 

In the field of plastics, we find that 
the solid state may be amorphous, crys- 
talline or a combination of both. If the 
plastic forms a floppy chained polymer, 
it tends to be amorphous. If the poly- 
mers have a regular structure, it tends to 
be crystalline. When testing the tensile 
strength of plastics, we find that there 
are three stages: (1) removal of the 
initial slack, (2) straightening of the 
chains, and (3) slip of the chains past 
each other. Recently a chemical com- 
pany has been able to control the ery- 
stalline structure of nylon. This allows 
the nylon to take on added properties 
and opens up new fields of application 
for it such as, gears, bottles, valves, and 
machinery housing. 

In another field of solids, we find that 
water is the solidifying agent. In con- 
crete there are two types of water pres- 
ent: (1) gel water which is the water of 
hydration and (2) capillary water. The 
amount of gel water accounts for the 
shrinkage and expansion of the concrete 
due to temperature changes. 

The amount of extra water used in con- 
crete mix determines the number and 
size of capillaries. The larger the capil- 
laries the weaker becomes the concrete 
therefore, it is best to have as dry a mix 
as possible. Also it is the freezing of 
the capillary water that causes concrete 
to crack in winter. To remedy this, we 
put air bubbles in the concrete which al- 
lows for the expansion of the freezing 
capillary water. 

Solid state physics has played an im- 
portant part in the development of many 
fields which have been well publicized 
such as nuclear energy, magnetism, 
transistors, solar batteries and the light 
amplifier. This is only the beginning of 
many applications to come. 


in 
| 
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Where in Curriculum? 


Now the question arises how and where 
can we put the material of solid state 
physics into an already crowded engi- 
neering curriculum. An answer may be 
found from the report on the Carnegie 
Conference on the Impact of Solid State 
Science on Engineering Materials.* The 
following suggestions were made: 


A. Enrichment of existing courses in 
the curricula with solid state science 
material. 

B. Replacement of a specifie portion 
of the present appropriate courses 
with up-to-date material. 

C. Utilization of available advanced 
physics courses as electives. 

D. Establishment of specific 
courses in solid state physics. 


It is my thought that the Physics De- 
partment should handle the pure science 
phase of the solid state by incorporating 
this subject matter into the regular phys- 
ies courses. I am also in favor of having 
3 or, better still, 4 semesters of funda- 
mental physics required for all engineers. 
A few schools have been doing this for 
several years. 

The applied phases of solid state phys- 
ics should be taught by the engineering 
instructors. This means possible replace- 
ment of a specific portion of some courses 
with up-to-date material. And in other 
cases, it would mean enrichment of exist- 
ing courses with applications of the solid 
state science. 

To emphasize my point of view, I would 
like to quote from Dr. N. H. Frank, Head, 
Department of Physics, M.I.T. from a 
recent article published in the Journal of 


*G. Murphy, ‘‘Report on the Carnegie 
Conference,’’ Journal of Engineering Edu- 
cation, Vol. 45, No. 5, Jan. 1955, p. 418. 

t N. H. Frank, ‘‘ The Responsibility of the 
Physics Teacher in Engineering Education,’’ 
The Journal of Engineering Education, Vol. 
45, No. 3, Nov. 1954, p. 243. 
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In short, physics courses should be pu 
physics and applied physics should be taught 
by the engineers . . . clearly the mere adi. 
tion of the factual matter of modern physig 
and of modern physical theory to the trad 
tional courses can lead only to dilution anj 
superficiality. I submit that we need su. 
gery; we must be willing to cut out much of 
the traditional, albeit solid, subject matte 
of physics, use modern physics to supply th 
illustrations of the basic principles, shift th 
emphasis to the broad conservation pring: 
ples and their implications, integrating then 
into a unified structure, and drop the co 
ventional divisions of physics. 


On the engineering side of the pictur 
we have a similar job to accomplish 
There should be a re-evaluation of course 
and their content. A lot of so calle 
solid material could be removed and r. 
placed with up-to-date subject matte, 
The tools for engineering are changing. 
As was stated before, the technical bas 
of engineering is changing from the en- 
pirical to the scientific. Engineering edt- 
cation must therefore change to keep pat 
with the times and to provide these ner 
tools which are so necessary to our prv- 
fession. As to the actual integration o 
solid state physics into our present eng: 
neering curricula, we must face this edt- 
cational problem in the same spirit wit 
which we face any new problem in eng: 
neering. 

Conclusion 


The present limitations to many eng: 
neering developments are a direct resul 
of the limitations in our knowledge 
the properties of solid materials. There 
fore, it would be well if all engineer 
could acquire some basic knowledge 
the solid state science. It is especially 
needed for the research and design engi 
neer and is well worth while for the pr 
duction engineer as he will then be bette! 
equipped to make use of the development 
which stem from the application of Sdlii 
State Physies. 
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Recognizing Potential Engineers Among 
Science Students 


By ROBERT DOUGLAS MacCURDY, 
College of Education, University of Florida 


The Situation 


America is facing a dire shortage of 
scientists and engineers. This has been 
the subject of numerous reports by such 
writers as John M. Gillette, Harley M. 
Kilgore during the second session of the 
79th Congress, M. H. Trytten in The Sci- 
entific American, and the National Man- 
power Council. Comprehensive and de- 
tailed studies by many investigators have 
shown that scientists are different with 
enough specific character traits to make 
identification easy. Career choices for 
science are made while the student sci- 
entist is young. It is this writer’s opin- 
ion that a way must be found to identify 
the future scientist before he makes his 
eareer choice and thus interest him and 
guide his training so that all potential 
future scientists are developed to their 
maximum capacity. Information from 
the Science Clubs of America has shown 
that 94 per cent of the winners of the 
Science Talent Search followed their oc- 
cupational choice and became scientists, 
engineers and professional people. It 
appeared that these were a few of those 
rare key people, yet in the embryo state. 
The identification and classification of 
their characteristics and background fac- 
tors became the problem to solve. 


The Procedure 


Developing the instrument.—By utiliz- 
ing the findings of all previous studies, 
the writer’s personal experience, the opin- 
lons of consultants, pilot studies of trial 
and error, an inquiry form of 300 items 
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was developed. The writer received in- 
valuable help from the creators of the 
Science Talent Search and Science Clubs 
of America in developing the instrument 
and sending it to the respondents. These 
were mailed to the respondents and the 
return after two months was 85 per cent. 

The respondents—There were two 
groups of respondents, as. follows: 

A control group of 78 freshmen and 
sophomores of high general ability. Their 
IQ mean was 129. In many ways they 
were similar to the test group, however, 
they were generalists rather than special- 
ists in science. 

A test group of 600 freshmen and 
sophomores of high special ability. Their 
IQ was not known accurately but sug- 
gested to be around 140. These were the 
Winners and Honorable Mention Winners 
of the Science Talent Search for 1952 and 
1953. 

Analysis of the data—The IBM answer 
sheets for the questions in the inquiry 
form were sorted according to occupa- 
tional choice making five groups: scien- 
tific scholars, potential scientists, potential 
engineers, women in science and potential 
professional people. The responses were 
tabulated electrically by an IBM item 
tabulator. The total “yes” responses for 
each question were converted to percent- 
ages. The percentage response of each 
of the five sub-groups and the whole test 
group (504 superior science students) on 
each item was compared with the similar 
response to the same item-answer by the 
control group. The differences in per- 
centages were tested for significance by 
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TABLE I 


Occupational CuHorces 110 ENGINEERS (POTENTIAL) 
HonoraBLeE MeEntTION, MEN 


Title of the chosen occupation pon -. No. total Per cent 
(1) (2) (3) (4) 
Engineer, electrical 36 32.7 
Engineer, electrical unspecialized 15 13.6 
Engineer, electrical electronic 16 14.5 
Engineer, electrical auto control 5 4.5 
Engineer, chemical 29 26.4 
Engineer, mechanical 9 8.2 
Engineer, aeronautical 9 8.2 
Engineer, physics (combined) 8 7.3 
Engineer, nuclear 5 4.5 
Engineer, unspecialized 5 4.5 
Engineer, architectural 3 2.7 
Engineer, industrial 3 2.7 
Engineer, civil 2 1.8 
Engineer, geological 1 9 
Totals 110 99.9 


the methods of Palmer Johnson.* Maul- 
tiple choice items were analyzed by Chi 
Square. Items of significance at the five 
per cent level or more were selected as 
qualifying items of characteristics and 
background factors. 


Results 


Tables and portraits.—The occupational 
choices of the test groups, Table I, and the 
control group, Table II, were tabulated 
and reported. These verified the interest 
of the respondents in the special field of 
science and the general field of life ac- 
tivities. There were over 150 of the 
300 items that were significant at the 
five per cent level for all groups. Many 
were related to each other being merely 
different aspects of the same qual- 
ity. They were, therefore, grouped into 
eight general categories: personality, at- 
titude, interests, activities, family history, 
associates, science teacher and decision 
for science. The items in each category 


* Palmer O. Johnson, ‘‘ Statistical Meth- 
ods in Research,’’ Prentice-Hall Inc., New 
York, 1949, p. 165, 


create the portraits of the superior sti- 
ence students and their own sub-groups. 


Characteristics of Potential Engineers 


The portrait appearing below describes 
those characteristics and background fae- 
tors of 110 Honorable Mention Winner 
of the Science Talent Search who have 
chosen engineering as their profession. 
These items are significantly different a 
the five per cent level from those charat- 
teristics and background factors of their 
contemporaries in general education. 
The portraits were developed like thos 
in other studies by grouping significant 
items under related general categories 
The number following each item shows 
the percentage of the group that re 
sponded positively to it. 


Personality 


The potential engineers appeared to be 
leaders for they enjoyed being group 
leaders in science 69, they liked to assume 
responsibility 80, to. organize and lead 
field trips 64, hold office in a science club 
42, or be elected an officer in student gov 
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ernment 43. They were self-disciplined 
and had good control of themselves, they 
did not attempt more than they could 
complete 72, made a determined effort to 
always be punctual 75, did not depend on 
their own memories to be unusually re- 
liable 58, did not dislike hard work and 
long hours on self-assigned tasks 88, did 
not have occasion to regret losing their 
tempers 61. They were serious minded, 
practical and materialistic, they did not 
find people calling them day-dreamers 70, 
did not have dates with girls as often as 
twice a week 93, did not want to be like 
athletes 94, but they liked to solve mental 
puzzles and riddles 84 and usually sought 
eauses for all effects 72, they had a lively 
curiosity about the natural world 89. 


Attitudes and Opinions 


The potential engineers have an attitude 
of suspended judgment for though they 
usually persisted tenaciously on a job to 
its completion 65, they quickly changed 
their opinion if proved wrong 78, and 
they consciously separated their judg- 
ments from their likes 78. They are not 
solitary and self assured in their outlook 


for while they always gathered their own 
facts 37, they got real help in science 
from someone else 72, and did not con- 
clude that a person is responsible to him- 
self alone 90. They believed in no super- 
stitions 91, did not participate in the 
usual games of chance 59 and did not let 
events of chance plan their lives 78. They 
are not agnostic or atheistic for they do 
not question the soundness of religion 49 
and willingly go to church twice a week 
or more 88. Their social views on the 
application of science are a bit unusual 
for they question the use to which science 
is put 77, decided that scientists and sci- 
ence students were so scarce and so valu- 
able that they should not be drafted for 
military service but kept in their scien- 
tifie work or study 56, but at the same 
time scientists should not ignore promo- 
tions 96. 


Interests 


The interests of the potential engineers 
are rather narrow and specialized. They 
are partly mechanical such as an interest 
in radio-ham operating 76, hi-fi and radio 
set building 81, handwork, crafts and 


TABLE II 


OccuPATIONAL CHoIcES—78 CONTEMPORARIES IN GENERAL 
Epucation (Controt Group) 


Title of the chosen occupation No. total Per cent 
(1) (2) (3) 

Undecided 19 24.0 
Writer-journalist ll 14.1 
Teacher, college or high school 9 11.5 
Businessman 6 7.6 
Entertainer, radio-TV 5 6.4 
Dentistry or medical practice 4 5.1 
Lawyer 4 5.1 
Civil service 4 5.1 
Psychologist + 5.1 
Engineer 3 3.8 
Scientist 3 3.8 
Social worker 2 2.6 
Medical service (female) 2 2.6 
Theologist 1 13 
Secretary 1 13 

Totals 78 99.9 


: 
r cent : 
(4) 
32.7 
7.3 : 
4.5 
2.7 
1.8 
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“groups. 
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carpentry 89, mechanics, tinkering and 
repairing 92, model building, boats and 
planes 76, photography 87. It is partly 
scientific such as an interest in reading 
science 97 and science fiction 69, inventing 
95, and science studies on projects 95. It 
is not surprising to find that they are also 
interested in scholarly things such as a 
study of courses in school 79 and playing 
chess 73, outdoor life in scouting activ- 
ities 74 and astronomy 83. 


Activities 


The activities of the potential engineers 
are the behavioristic expression of their 
attitudes and opinions, interests and per- 
sonalities. They had some general social 
characteristics such as membership in 
non-scientific clubs 90, elected officer in 
student government 43, work on school 
publications 59, membership in four to 
eight clubs, committees and societies 57, 
but no athletic team membership 51. 
There are some activities that reveal their 
scholarly characteristics such as belonging 
to an honor society 82, never failing a 
course 93, never expelled for disciplinary 
reasons 97, accumulated less than a total 
of a month’s absence during high school 
career 85, on the honor roll 100 per cent 
of the time 77, and received marks that 
averaged A— to A+ 81. They failed to 
make their best marks in English 97 or 
their worst in mathematics 94, which they 
liked 91. As expected most of their ac- 
tivities were in science where they were 
officers of science clubs 42, belonged to 
Science Clubs of America 30, Junior 
Academy of Science 19, and scientific 
societies 55. They spent time regularly 
each week in after school science studies 
46, where they planned experiments and 
did them themselves 80, performed some 
high grade scientific research 24, improved 
a scientific method or device 32, invented 
something scientific 28, published a sci- 
entific or other article 15. These activi- 
ties usually led them to compete in science 
fairs 34, or congresses 22; compete for 
prizes in science 74, which they won 58; 
and a part time job in science 18. In 


the classroom during school hours they 
acted as teaching assistants 39, gave le. 
ture demonstrations 57, helped operate 
audio-visual aids 59, led and organized 
field trips 20, went on field trips 64 and 
visited scientific industry 65. 

Factors that were found in their back. 
grounds. 


Family History 


The potential engineer was the first 
born child 69 and had no brothers 5i, 
Among his older relatives were some sci- 
entists 26 and teachers 53 but no musi- 
cians 80. His mother was born in Amer. 
ica 85, had a college or post graduate 
degree 36, had earned the admiration ani 
respect of her son by her achievements 
82 and did not “boss” the family 25. His 
father had a post graduate degree 2), 
was an employer managing his own busi- 
ness 37, his son admired and respected his 
father’s achievements 84, and the father 
did not “boss” the family 25. The family 
provided a stable, comfortable and stimu 
lating home. The principle residence wa 
in a city of a million or more 26, during 
high school the family did not move or 
cause the student to change schools 8. 
The family bought six to ten magazine 
each month 52, there was usually a home 
workshop or laboratory 63, adequate 
workshop or laboratory facilities were 
available 57, a place to study science at 
home 69. The student had time to study 
and work in science for he had leisure 
time to study science 86, almost enough 
time to study science at home 75, and 
did not have an after school job 55, The 
family highly praised and respected s¢- 
ence 61 and strongly supported the po 
tential engineers’ plans for a career 2 
science 74, 


Associates 


While the potential engineer read le 
found that newspaper or magazine a 
ticles could influence him toward a carett 
in science 40, and that books gave him 
inspiration and encouragement to be & 
scientist 81, his greatest social influence 
came from his associates. He had chums 


RECO 


who want 
friends wi 
science ac 
dents whe 
him in h 
though he 
self like 
did perso 
worked w 
behave lik 


The 
gineer qui 
respect 82 
92, was 
time 78, a 
92. He v 
a science 
Probably 
based on | 
believed 
himself 64 
sisted stu: 
91, he ga 
and orga 
70, acted | 
In his clas 
ciple teac! 
cussed 
was a pr 
school jok 
science tes 
his profes 
with teach 
other scie 
profession 


D 


The po 
scientific 
school 29, 
titude for 
39. He f 


working o 


INTS 


rs they 
‘ave lee. 
operate 
‘ganized 
64 and 


ir back- 


he first 
vers 55, 
IME 
oO musi- 
1 Amer. 
raduate 
ion and 
vements 
5. His 
‘ree 20, 
un busi- 
cted his 
father 
» family 
stimu 
nce was 
during 
nove or 
89. 
Lg azines 
a home 
dequate 
were 
ence at 
o study 
leisure 
enough 
75, and 
5. The 
ted sci- 
the po- 
reer il 


“ead he 
ine ar- 
1 careet 
wwe him 
o bea 
a fluence 
| chums 


RECOGNIZING POTENTIAL ENGINEERS AMONG SCIENCE STUDENTS 259 


who wanted to be scientists 79, and he had 
friends who let themselves be led in group 
science activities 32, there were older stu- 
dents who helped, guided and encouraged 
him in his science activities 38. Even 
though he thought that he directed him- 
self like a “lone wolf” in science 30, he 
did personally know a scientist 43, and 
worked with a scientist 18, and tried to 
behave like a scientist 38. 


The Science Teacher 


The science teacher of the potential en- 
gineer quickly gained his admiration and 
respect 83, he had a good sense of humor 
92, was fun to be with most of the 
time 78, and enjoyed his job of teaching 
92. He was using his greatest ability as 
ascience teacher 52 and had a hobby 54. 
Probably the admiration and respect were 
based on the fact that the science teacher 
believed in hard work and long hours for 
himself 64, he stayed after-school and as- 
sisted students in their science activities 
91, he gave them opportunities to lead 
and organize group activities in science 
70, acted as sponsor for science clubs 76. 
In his classes he used lectures as his prin- 
ciple teaching method 35, but never dis- 
cussed “The Great Scientists,” 48. He 
was a practical man who had an after 
school job 23, and invented scientifie or 
science teaching devices 25. He contacted 
his professional world by communicating 
with teachers from other schools 56, with 
other scientists 38, and membership in 
professional organizations 43. 


Decision to be a Scientist 


The potential engineer decided on a 
scientific career when he was in high 
school 29, because he had a natural ap- 
titude for it 48, and it was so interesting 
39. He felt he could grow and develop 
working on important problems 27. 


Conclusions 


Reason for separate conclusions.—There 
are over a hundred items that build the 
portrait of the potential engineer. The 
portrait is a complicated one, so each 
general category of the portrait has been 
reduced to a few general characteristics. 
These have been developed by combining 
and consolidating several items in the 
category to a single quality. 

Personality.—Leaders, self-disciplined, 
self-controlled and self-critical. Serious 
minded and practical, curious. 

Attitudes and opinions.—Suspended 
judgment, neither solitary nor self-as- 
sured, rational, religious, believe science 
can solve social problems. 

Interests—Narrow and specialized into 
mechanical, craftsman, shop interests. 
Some interest in scholarly and scientific 
things. 

Activities—Some social life, scholarly 
pursuits, scientific, mathematical, compe- 
tition in science world, helped science 
teacher. 

Family history.—First born son, older 
relatives in science and education, strong 
mother influence, family democratic and 
permissive. Father in business, home 
stable, comfortable, urban, cultured, eco- 
nomic advantage, time and opportunity 
for scientific development. 

Associates——Books and associates very 
influential in science. Stimulated and 
encouraged by a scientist and friends in 
scientifie activities. 

Science teacher——Admirable person, 
set good example, permissive, practical, 
professional and democratic. 

Decision to be a scientist—Reached de- 
cision in high school because of natural 
aptitude, interest, and he could grow and 
develop working on important problems. 

Review.—The potential engineer devel- 
oped because of capacity, interest, free- 
dom and a practical mechanical setting. 
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How the Report of the American Advisory 
Mission to Japan for Engineering Education, 
1951, Influenced Japanese Engineering 
Education * 


By DR. KINJI SHIMIZU 


President, Nagoya Institute of Technology; President, Tokai Society for Engineering 
Education; and Vice President, Japanese Society for Engineering Education 


Professor Clark D. Goodman requested 
to submit a document stating about the 
influence of the report of the American 
Mission for Engineering Education on 
Japanese engineering education to Mr. 
Seisuke Inada, director of the Bureau of 
Universities, Ministry of Education, who 
entrusted me to write the document. I 
think I am one of suitable for this work, 
because I proposed the organization of 
the Japanese Society for Engineering 
Edueation and seven regional societies 
and after its establishment took manage- 
ment for improving Japanese engineering 
education in the Japanese Society, in the 
Tokai Society and in councils in the Min- 
istry of Education. It was hard work to 
manage societies effectively and in good 
financial state; the fact, however, was 
that by sacrificial efforts of several per- 
sons all projects went well and smoothly 
under comparatively good financial state, 
though not so sufficient. The Ministry of 
Education recognized the steadiness and 
seriousness of our society from first and 
backed us up very earnestly. Some in- 
dustrial leaders also supported us very 
eagerly, acknowledging our enterprise as 
necessary and significant also for their 
business. Thus our works are on the 
track and going harmoniously. Now, 


* (The person submitting Dr. Shimizu’s 
report for publication requested that it be 
published without editing and the Editor 
has abided with that request.) 


260 


reflecting the inauguration ceremony of 
our society, 1952, I remember the words 
of Dr. Hazen’s message, meaning that 
when those who have sincere concen 
come together with true desire to improve 
for education or anything else, progres 
occurs inevitably. Really seven regional 
societies are doing their efforts for in- 
proving engineering education in each 
district and not quickly, but gradually 
we see many symptoms of appearing 
good educations. 


1. The biggest effect of the report was 
the work of the Japanese Society for 
Engineering Education 1952 autumn; 
that is, 


a) the report was translated and ab- 
stracted by Dr. Kinji Shimizu and 
the abstracts were distributed to al 
engineering teachers, 

b) each of the seven regional societies 
held meetings discussing the report, 

c) the discussed results at the meetings 
were inserted in the first number 0 
The Journal of Engineering Educt- 
tion, which was published in April 
1953. The work of JSEE above 
had, I believe, following influences 
to all engineering teachers; 

1) Reflection for the responsibil: 
ties of engineering teachers. 

2) Awakening of their past incor 
rect idea for the teaching aud 
teaching method. 
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INFLUENCE ON JAPANESE ENGINEERING EDUCATION 


3) Their idea of “research first” or 
“research almighty” was some- 
what amended or balanced a 
little by good teaching. 

At any rate, the report was a 
great impetus for all engineer- 
ing teachers to think over how 
to teach or how to improve their 
education and to give ear to 
other comments or criticisms 
from industrial circle or from 
experienced educators, in spite 
of their past dogmatic ways. 


2. The Journal of Engineering Educa- 
tion, published by JSEE twice a year, 
give always excitations to all engineering 
teachers. It includes miscellaneous com- 
ments or articles by engineering teachers 
or by engineers, the discussed results at 
meetings in regional societies, status of 
engineering education in other countries, 
data or reports for improving or con- 
tributing to engineering education. It is 
compiled after the Journal of ASEE, but 
has a special feature of having plenty of 
data or reports. That we had such a use- 
ful journal is an influence of the report 
of the American Mission. 

3. Yearly in July, we hold the annual 
meeting of JSEE, calling many hundred 
teachers and engineers together where 
many important problems on engineering 
education are discussed and teachers and 
engineers exchange their opinions and in- 
erease their intimacy. It gives always a 
chance to reflect their teaching and to be 
ready for improving teaching. This is 
also an imitation after ASEE, and is an 
influence of the report of the American 
Mission. 

4, At the annual meeting, JSEE pro- 
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poses a theme to be discussed at autumn 
meetings in regional societies, which ex- 
cites engineers and engineering teachers 
in the whole country. The discussed re- 
sults are inserted in the Journal of JSEE. 

5. Last year JSEE tried to make the 
paper competition on improving engineer- 
ing education, for which 23 teachers sent 
their articles and two assistant professors 
won higher prizes, four professors and 
one engineer got lower prizes. This en- 
terprise is also one method of exciting 
teachers and engineers, and will be con- 
tinued for long. 

6. JSEE held from the first its prinei- 
ple to work under the intimate coopera- 
tion of universities and industries. The 
Japan Federation of Industrial Managers 
always assists our work, giving data in in- 
dustry and cooperating for investigations. 

The Tokai Society collected opinions 
of industrial engineers on improving en- 
gineering education for which industry 
offered good cooperation; as the result, 
the relation between universities and 
industries in that district became very 
intimate, and the opinions served as a 
reference for improving education. The 
result will be discussed at the third an- 
nual meeting of JSEE at Nagoya. 

Other regional societies are also en- 
deavoring to make good contact between 
universities and industries. 

7. Many engineering teachers are striv- 
ing to improved their teaching and teach- 
ing method, and I believe, not so quickly, 
but gradually Japanese engineering edu- 
cation will make its progress. I am very 
glad on hearing the evaluation or criti- 
eism for engineering graduates from 
universities which became better year by 
year. 


A Technical Writing Course 
That Works* 


By RAY SWEIGERT, JR. 
Technical Writing Staff, State University of Iowa 


In the last January issue of this pub- 
lication is an article entitled “Our Schools 
Can Teach Writing—If They Are Made 
To,” in which J. H. Wilson, Jr., of the 
Editorial Branch, United States Naval 
Ordnance Test Station, analyzes a prob- 
lem that has disturbed industry for some 
time. In this article, the blame for the 
lack of communication skills among sci- 
entists and engineers is placed squarely 
on the shoulders of our educators—and 
rightly so. Among the graduates of the 
few engineering schools that teach com- 
munication techniques to their students, 
there is no problem. Yet where the grad- 
uates of most engineering schools are con- 
cerned, ability to communicate is sadly 
lacking. 

The Engineering College of the State 
University of Iowa has developed a two- 
semester course in technical writing. This 
course is at least a partial answer to this 
dilemma. In Wilson’s article, the prob- 
lem is broken down into two parts: to 
teach technical people the fundamentals 
of writing and to teach them the special 
mechanics of writing technical reports. 
The course in technical writing at Iowa 
has been able to deal with these two parts 
at the same time. Since the students in 
the course must be at least juniors, they 
know already something of basic writing 
techniques from struggling with the fresh- 
man course in communication skills, part 
of the liberal arts requirement for engi- 
neering students; and they have advanced 
far enough in their professional studies 
to have something about which to write. 
The course in technical writing improves 
and polishes the basie writing skills of 
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the student and at the same time teaches 
him to employ these skills in writing 
technical reports. 


The Success of the Course 


The Technical Writing Staff is con- 
stantly modifying the course in order to 
make it better correlate with the needs 
of the engineer in industry. These modi- 
fications are based to a large extent on 
replies to letters sent to alumni of the 
Engineering College after they have been 
out of school for about five years. Their 
replies stress generally the need for tech- 
nical writing as part of the engineering 
program, and often suggestions are made 
as to how the course might be improved. 
Members of the staff often work in in- 
dustry during the summer and come back 
to school in the fall with new ideas for 
the course. 

Solving the problem of motivating the 
students, of convincing them that the 
skills they learn in technical writing are 
a necessary part of their engineering 
knowledge, has been a major factor in 
the success of the course. This has been 
accomplished largely through cooperation 
between the engineering faculty and the 
members of the English faculty who teach 
technical writing and who for all prac- 
tical purposes are also members of the 
engineering faculty. Technical writing is 
recognized throughout the College as an 
integral part of engineering education. 
Contrary to the situation found in many 
schools, the English Department itself has 
been quite cooperative in recognizing the 
importance of the technical writing pro- 
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TECHNICAL WRITING COURSE THAT WORKS 


gram and in granting the necessary aid 
and support for its success. 

The engineers who have had the course, 
if they are proficient in the other engi- 
neering skills, are invariably better pre- 
pared to meet the demands of their pro- 
fession than those who have not done any 
work in the specialized techniques of 
engineering writing. 


A Description of the Course 


The first semester of work in technical 
writing is devoted to the basic mechanics 
of writing technical reports. Students 
are first reminded that “non-technical” 
words may have precise meanings, and 
they are instructed again in the proper 
use of the dictionary. They are taught 
how to explain a definition to someone in 
what is called an “extended” definition. 
Later in the course, they are taught to 
write an essay on some word to show how 


_ the meaning has changed with usage. 


Students are taught to write clear, con- 
cise, precise exposition on technical sub- 
jects. The style may often be uninspired 
and flat because the engineering student 
with much literary ability is exceptional; 
but the style must by all means be lucid. 
The experience of alumni in industry and 
of the staff members who have worked in 
industry has been that the bulk of engi- 
neering writing does not involve selling 
an idea, but merely stating facts. The 
type of communication which must entice 
the reader is taught during the second 
semester. Stress is given to the impor- 
tance of a neat, mechanically correct 
paper. 

The students learn how to describe a 
technical process; how to give clear direc- 
tions; how to describe an apparatus and 
its functions; how to evaluate technical 
information objectively in writing; how to 
make objective comparisons; and how to 
determine whether or not it would be more 
effective to make an evaluation through 
comparison and contrast or through an 
isolated study. They are taught the tech- 
niques and functions of classification and 
the respective forms and purposes of re- 
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views, summaries and abstracts. They 
are taught to compare and evaluate opin- 
ions, news stories, articles from various 
magazines and the magazines themselves. 

A great deal of emphasis in the first 
semester, as has already been indicated, 
is given to evaluation and comparison. 
It is explained to the students exactly 
what makes good standards for evaluation 
and how to set up such standards. They 
are taught that for the purpose of evalu- 
ation, standards must be precise and jus- 
tifiable. They are instructed in the less 
obvious methods of measurement by such 
standards. Since a comparison paper re- 
quires a somewhat more sophisticated or- 
ganization than an evaluation paper, the 
students are taught to make comparisons 
after they learn to make evaluations. To 
be sure, a comparison is a form of evalu- 
ation and vice versa. But a comparison 
as such involves two or more items to be 
tested against each other. The students 
are taught to make comparisons on simi- 
lar bases in order to determine the better 
or best of a group. In general, the chief 
emphasis in the first semester of work is 
on logical thinking demonstrated in writ- 
ing for a particular reader. 

The second semester of work allows the 
student greater freedom of expression 
than does the first. It has been found, 
however, that most engineering students 
do not appreciate this greater freedom. 
They simply don’t know what to do with 
it. Consequently, there is constant prod- 
ding of the student to write in a language 
which reflects his own personality, within 
limits of course, and to avoid the use of 
stereotyped phrases and clichés. Though 
the writing is still rather fundamental, 
it is on a somewhat higher level. 

One important part of the work is in 
writing a formal report on some special 
project that has practical significance. 
The student must take an actual problem 
requiring the gathering of real facts and 
work out a solution, which is sometimes 
good enough to be used. In other words, 
the problems are not contrived for the 
purpose of the course. Since not all 
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students have access to laboratory facili- 
ties, they are urged to choose a project 
which requires as little actual laboratory 
work as possible. Many of them, how- 


ever, are able to write reports on work 


which they are doing for courses in their 
respective fields. Since a student would 
have to write a report on this work any- 
way, he is often able to combine assign- 
ments and write the same report for both 
the writing instructor and the other in- 
structor. This cooperation helps the stu- 
dent see firsthand that his ability to write 
is an aid in his professional work. A 
further instance of such cooperation is 
that in each of the several departments 
in the Engineering College, a student who 
has demonstrated his ability in technical 
writing is given the job of grading the 
quality of the writing in reports sub- 
mitted in that department. 

The first report on the project is a de- 
scription of the problem and its practical 
importance. A preliminary report is then 
written which deals with the various pos- 
sible methods of studying the problem 
and presents the method which is most 
likely to be successful in terms of esti- 
mated cost, time and results. The stu- 
dents are shown that if the preliminary 
report is not done well enough to sup- 
port the recommendations made in it, the 
project ends right there. The prelimi- 
nary report must be detailed enough and 
convincing enough to warrant the some- 
times very large expenditure necessary 
for a solution to the problem. The per- 
suasive elements of the report, however, 
are not essentially rhetorical, but factual. 
Though in industry a preliminary report 
may be a formal report or only a letter, 
or even just a verbal report, each student 
must write a formal preliminary report. 
The format of this formal report is de- 
signed to train the students to handle 
whatever variations they may encounter 
in actual practice. If the estimated cost, 
time and results seem to warrant a fur- 
ther investigation of the problem, this 
preliminary report is followed by prog- 
ress reports from time to time until the 
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study is complete and a solution has been 
found. A final formal report presents 
this solution. 

The students are taught how to write 
articles for a technical magazine. Those 
articles which are good enough are con- 
sidered for publication in the student en- 
gineering magazine, The Transit. Unless 
the article is unusually well done the first 
time, it is revised. Further instruction 
is given in the composition of summaries, 
reviews and abstracts. Various types of 
business letters are written: a letter re. 
questing information; a letter of appli- 
cation; a letter accepting a position; a 
letter requesting a sales interview, and 
others. 

The students are instructed in oral 
composition. They learn how to get up 
before a group and describe a technical 
process with the use of visual aids. They 
are taught to give directions, to explain 
how to do something. They learn how 
to give a sales talk and a report making 
recommendations. It must be stressed 
that this is not a course in public speak- 
ing as such. There is a Department of 
Speech at the University for that pur- 
pose. This part of the course is designed 
primarily to train the students to give 
effective oral exposition dealing with 
various types of technical subjects. 

During the two semesters of Technical 
Writing, the students write almost con- 
tinually; there is a written assignment due 
almost every class period. The students 
are impressed with the fact that the only 
way to learn to write is to write and then 
write some more. Special attention is 
given to the overt psychology of writing, 
to obvious adaptation of style and empha- 
sis for a particular reader. During the 
second semester, a great deal of attention 
is given to the art of attracting the reader 
to articles, letters and talks. 

An integral part of the technical writ 
ing program is the emphasis on illustra- 
tions. I use this term to refer to drawings 
such as flow sheets and orthographic 
jections, charts and graphs of various 
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kinds, tables, diagrams of other kinds and, 
of course, photographs. The students are 
taught the diverse functions that illustra- 
tions may have, such as to emphasize, to 
summarize, to clarify, or merely to attract 
the reader. Since the students are given 
three semesters of engineering drawing 
prior to the course in writing, the major 
emphasis is on how to select the subject 
matter and form of the illustration so 
as to supplement the report or article. 
Drawing is considered as a form of com- 
munication in itself, but auxiliary to the 
writing. An instructor from the Depart- 
nent of Engineering Drawing lectures on 
supplementary illustration at the begin- 
ning of each semester. The drawings are 
graded by a drawing grader on the basis 
of appropriateness, completeness and 
quality. In the second semester, illustra- 
tions are considered also from the stand- 
point of how well they lend themselves 
to publication. The students are taught, 


- for instance, how to make illustrations 


that are improved through reduction, 
rather than impaired. 

You may argue that this sounds fine as 
far as the objectives of the course are con- 
cerned, but whether or not these things 
are actually accomplished is another mat- 
ter. It is not claimed that the course is 
one hundred percent effective in teaching 
these various skills. Neither is it claimed 
that all of these skills are initially in- 
stilled in the student during these two 
semesters. The students have learned in 
their previous professional studies how 
to make analyses and evaluations and how 
to distinguish between opinion and fact. 
What they have not yet learned is how to 
organize and present an analysis or an 
evaluation to other people. At the risk of 
being somewhat repetitious, let me say 
that they have not learned to communicate. 
By the time they have finished this course, 
they know how to say what they mean so 
that those on the receiving end can under- 
stand. Naturally some learn how to do 
this better than others do; but I think it 
is safe to say that every student leaves 
the course with a much better knowledge 
of these skills than he had before. 
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The Four Neglected Aspects of 
Report Writing 


It is pointed out in “Our Schools Can 
Teach Writing—If They Are Made To” 
that colleges fall down in teaching at least 
four important aspects of technical writ- 
ing. First mentioned is the neglect of the 
question: Who is your reader? Undoubt- 
edly this is a point far too often over- 
looked in a basic writing course. At Iowa 
an effort has been made to remedy this 
oversight; constant stress is given to the 
proper “slanting” of material. 

There is at least one important implica- 
tion to this matter of finding out who 
your reader is. Students in a business 
writing course were told to write papers 
to be read by a certain group of factory 
workers. But having never worked in a 
factory and having very little knowledge 
of factory workers, most of the students 
were quite inept at expressing themselves 
to such an audience. They had answered 
the question Who is your reader?, but so 
superficially that real communication could 
not occur. The students in Technical 
Writing at the University of Iowa are 
taught that they must have specific in- 
formation regarding the knowledge and 
attitudes of their intended readers. The 
writer must know his reader and know 
him well. The better the writer knows the 
reader, the more effective his work will 
be. 

This problem is solved by having the 
engineering students write their articles, 
reports and speeches for a student audi- 
ence. A student is in a position to be well 
aware of his fellow students’ general 
knowledge and attitudes. In some cases 
the student is told to address his material 
to other students in his particular field 
and at other times to engineering students 
in general. 

The second item neglected in teaching 
report writing, according to Wilson’s ar- 
ticle, is the use of tables. It has already 
been mentioned that in this course heavy 
emphasis is placed on supplementary il- 
lustration. Teaching the use of tables is 
part of this, though perhaps more empha- 
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sis should be given to tables. Wilson 
points out that tables require a rigid for- 
mat depending on very exact classifica- 
tion. It has been found that many stu- 
dents in engineering have no clear knowl- 
edge of the process of classification and 
its functions. They are taught this in the 
first semester of work. 

The article next mentions illustrations 
in general. The concern of this course 
with illustration has been pointed out. 

The fourth and last item mentioned is 
the neglect of methods of reproduction. 
It is questionable whether or not the 
teaching of methods of reproduction is 
really necessary to the extent that is in- 
dicated in Wilson’s article. It is said, for 
instance, that a report to be reproduced 
in ditto need not be “combed over” to the 
extent that a report coming out in hard 
type and between hard covers should be 
combed over. The effectiveness of com- 
munication depends to some extent on the 
method of reproduction, it is true; but the 
actual writing of the report should not be 
influenced by this, except perhaps indi- 
rectly. All reports should be combed 
over. The person who is to write the 
report will know the format to be used 
and will use it; he will probably know 
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very little about methods of reproduction, 
And the formats will vary from company 
to company. 


The Future of the Course 


The course of study in technical writing 
at the State University of Iowa has the 
answers to many of the initial problems 
facing such a program, yet there is a long 
way to go. It is not a foregone condlh- 
sion at this point that certain basic tech- 
niques and certain types of reports are 
stressed as much as they should be. Per. 
haps some features of the course will be 
abandoned as they are proved to be use- 
less. The course is always modified from 
a pragmatic point of view: What do the 
students need to know? This question is 
answered partly by keeping in touch with 
alumni and their industrial employers. 

It is true certainly that the basic prin- 
ciples of writing are universally applica- 
ble to all kinds of writing. Perhaps the 
day is not too far distant when every pro- 
fessional school and college will pay more 
attention to teaching these basic prir- 
ciples and the adaptations which ar 
peculiar to the needs of their particular 
students. 


Army Needs Help on Ordnance Engineering 
Handbook 


Collections of terminologies, glossaries, specialized dictionaries, ete. concerning 
ordnance engineering are needed by the Army in preparing a comprehensive Ordnance 
Engineering Design Handbook to summarize fundamental principles and basic design 


data. 


The handbook is being written to provide needed information to army ordnance 


and arsenal personnel and to the engineering staffs of contractors having ordnance 


design responsibilities. 
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Corrosion Instruction in Engineering Colleges 


By F. E. ALLEN 
Development §& Research Division, The International Nickel Co., Inc., New York City 


During the past decade industry has 
been paying increased attention to corro- 
sion prevention with the result that much 
has been accomplished. The engineering 
profession is also recognizing the growing 
need for more fundamental knowledge of 
metallic corrosion through the Engineer- 
ing Foundation which is endeavoring to 
establish a Corrosion Research Council. 
It is becoming, therefore, increasingly im- 
portant that engineering students have a 
knowledge of the fundamentals of corro- 
sion and be aware of the problems created 
by corrosion. 

However, information on the attention 
given to corrosion principles in engineer- 
ing schools is not readily available, and to 
obtain information on the current status 


_ of this instruction a questionnaire was 


sent to 141 accredited engineering schools 
in the U. S. Replies were received from 
122 of these institutions and the results 
are briefly summarized as follows: 


Schools offering specific courses in 


corrosion 37 
Approximate number of students 

taking courses each year 550 
Schools that consider corrosion in 

at least one course 105 
Schools with facilities for corro- 

sion research 74 
Schools where corrosion research is 

in progress 34 
Students engaged in corrosion re- 

search 91 


Graduate elective courses in corrosion 
offered at 29 schools 

Undergraduate elective courses in cor- 
rosion offered at 10 schools 

Graduate course in corrosion required 
at 1 school (ChE) 

Undergraduate course in corrosion re- 
quired at 6 schools (PetE, ChE, MetE) 


The fact that about 550 students are 
enrolled in courses covering corrosion 
phenomena indicates a growing interest in 


corrosion and an increased appreciation 
of the need for knowing something about 
it in several branches of engineering, prin- 
cipally in chemical engineering and metal- 
lurgical engineering. At 18 of the re- 
porting schools, these courses are taught 
in metallurgical engineering or metallurgy 
departments, and at 13 schools in chem- 
ical engineering. 

Several hours per semester are spent 
on corrosion at 105 of the reporting in- 
stitutions. This instruction, with but few 
exceptions, is taught without laboratory 
and is included in various courses. Of 
the schools reporting, such instruction is 
given in 119 metallurgy courses, 31 mate- 
rials courses, 36 chemistry courses, and in 
9 miscellaneous courses. 

In addition to academic credit courses, 
9 institutions reported having sponsored 
short courses in corrosion for industrial 
personnel. These courses last from 2-3 
days and are conducted at the school using 
institutional facilities and staff as well as 
lecturers and educational aids from in- 
dustrial sources. 

It is gratifying to learn that as much 
attention as revealed by this survey is 
being given to corrosion in the nation’s 
engineering schools since such problems 
ultimately become the concern of the engi- 
neer. It is also apparent that much more 
needs to be done both by industry and our 
educational institutions, especially when 
the cost of corrosion to the country is so 
high. It has been estimated that this 
amounts to over $5.5 billion a year in the 
United States.* Since corrosion is all 
loss, whatever can be avoided becomes a 
source of gain, either financial or from a 
conservation of metal resources and as- 
sociated human and energy resources 
which are also involved. 

*<<Cost of Corrosion in the United 
States,’’? by H. H. Uhlig, Chem. Eng. News, 
27, 2764 (1949). 
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Nuclear Engineering and Science Congress 
December 12-16, 1955, Public Auditorium, Cleveland, Ohio 


Members of ASEE are invited to par- 
ticipate in this Nuclear Engineering and 
Science Congress. It will be the largest 
and most important conference of its kind 
ever held in the United States. It is be- 
ing coordinated by ENGINEERS JOINT 
COUNCIL for 26 engineering and sci- 
entific groups. All the major U. S. or- 
ganizations concerned with the atom in 
engineering, science, industry, and gov- 
ernment are cooperating in this joint 
undertaking. 


292 TECHNICAL PAPERS 


... presented by leading nuclear au- 
thorities from 16 universities, 13 govern- 
ment laboratories and bureaus, and 34 
major industrial corporations, plus Eng- 
land, Canada, Australia, and South Africa. 


GROUPED INTO 50 SESSIONS 


. . running concurrently, covering latest 
developments in nearly every phase of 
industry, science, and medicine . . . au- 
thoritative information made available 
after the Geneva Conference papers were 
selected. An average of 4 societies, gov- 
ernment agencies, etc., cooperating in each 
of these sessions. 


A LARGE ATTENDANCE IS 
ASSURED 


... from government (A.E.C., its lab- 
oratories, and others) ; finance and insur- 
ance; management and technical staffs of 
the atomic industry; members of ASEE 
and the 25 other groups participating in 
this joint event ... plus representatives 
of non-nuclear industry looking for ideas 


_ to use. 
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INTERNATIONAL ATOMIC 
EXPOSITION 


. . sponsored by the American Institute 
of Chemical Engineers, to be held in con- 
junction with the Conference, December 
10-16, 1955. 

. . . the latest nuclear developments from 
all over the United States and foreign 
countries. 

. exhibits by virtually every major 
supplier and service organization in the 
nuclear field. 

. - models of all major atomic reactors, 

including an actual research reactor in 
operation. 
. .. the by-products of atomic power at 
work—industrial, medical, agricultural, 
and other devices and materials using 
isotopes. 

. entirely new educational exhibits by 
the A.E.C. and selected universities, in- 
cluding new research developments. 


FOR REGISTRATION 
INFORMATION 


... Write to: Engineers Joint Council 
29 West 39th Street 
New York 18, N. Y. 


EXPOSITION INFORMATION 
... For full information about how 
companies can exhibit at the Atomic Ex- 
position, write to: 
International Atomic Exposition 
931 Book Building 
Detroit 26, Michigan 


PRIMARY PURPOSES OF THE 
CONFERENCE 


Thorndike Saville, President of Engi- 
neers Joint Council, summed up the pri- 
mary purposes of the Conference as fol- 
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NUCLEAR ENGINEERING AND SCIENCE CONGRESS 


lows: “The horizons for the peaceful 
application of atomic developments are, 
as yet, not even imagined. This highly 
interrelated family of developments is, 
as yet, very much in the ‘idea for appli- 
cation’ stage. Therefore, it is of enor- 
mous importance to present to those 
interested a panoramic view with detail 
as a proper measure of current oppor- 
tunity and the vastness of potential. 
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Progress for the Conference indicates 
that it will be the largest gathering of 
engineers and scientists ever held in the 
United States to discuss nuclear energy. 
As such it will be a major opportunity 
for the communication of ideas and de- 
velopments among the many thousands of 
persons in industry, business, agriculture 
and medicine, for whom the technology of 
the Atom is increasingly important.” 


The George Westinghouse Award 


The George Westinghouse Award is an 
annual award established in 1946 by the 
Westinghouse Educational Foundation to 
recognize and encourage outstanding 
achievement in the teaching of students 
of engineering. The Award consists of 
$1000, and an engraved certificate. 

The Award has been established to en- 
courage younger men who have shown, by 
their past record, evidence of continuing 
activity as superior teachers. To them the 
Award may serve not only as a reward but 
as an incentive for further achievement. 

In order to achieve this intent, it is 
deemed essential to limit the Award to 


those who have not reached the age of 45 
by the date of the annual presentation. 

Nominations may be made by any per- 
son, organization, or group and are to be 
submitted before February 1, 1956, to the 
Chairman of the Committee on Award, 
Professor R. 8. Paffenberger, Chairman, 
Department of Engineering Drawing, The 
Ohio State University, Columbus 10, Ohio. 
Nominations must be made on forms 
available from either the Chairman of the 
Committee or from the Secretary of the 
Society. Nominations should be accom- 
panied by significant evidence supporting 
statements and claims. 
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Specialists in Diversification * 


By H. A. FOECKE 
Assistant Professor of Electrical Engineering, University of Notre Dame 


Today is an age of specialization. En- 
gineering teachers, like everyone else in 
society, are encouraged to be specialists. 
Certain recent developments in engineer- 
ing education have made more clear than 
ever before the need for the recognition 
of a kind of specialist which might be 
labeled a “specialist in diversification.” 
In trying to discover the nature and 
function of the “specialist in diversifica- 
tion” it will be necessary to take a brief 
look at the system of engineering educa- 
tion as a whole and to describe the char- 
acteristics of some of the other specialists 
who are a part of it. 

For purposes of this discussion, an edu- 
cational system will be considered to be 
the formal agency which our society has 
established for the purpose of guiding and 
inspiring the student in his quest for 
knowledge, in his journey to a chosen in- 
tellectual frontier. That being the case, 
no matter how far the frontier advances, 
education in some form will attempt to 
keep close behind. Formal schooling will 
end when it is no longer the most ex- 
peditious means of speeding the progress 
of the student to his goal. 

Not too many decades ago, engineering 
education was a relatively simple system. 
An average undergraduate college stu- 
dent could absorb in his academic career 
a reasonably large portion of what might 
have been considered the sum total of 
engineering knowledge of that day, and 
he could be brought up to the frontiers 
of engineering knowledge on a rather wide 
front. The enrollments were relatively 


* Awarded First Prize in the ASEE 
Young Engineering Teachers Paper Con- 
test of 1955. 
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small and the staff correspondingly fev, 
The functions of administrator, counselor, 
teacher, professional engineer were all to 
be found to some degree in each staff men- 
ber. There was little specialization in the 
sense we know it today. This was equally 
true in the subject matter areas where 
there were relatively few special teachers 
for special subjects. The distance he- 
tween the beginning and the end of what 
could be ealled engineering education 
was short, relatively speaking. 

By contrast, in the system of engineer- 
ing education today, there are many 
specialists. Not only are the functions of 
research, teaching, administration and 
guidance and counseling more sharply 
differentiated and concentrated in certain 
staff members, but in the subject matter 
areas there are many more special teach- 
ers for special subjects than in the early 
days. The basic reason for this increas- 
ing complexity is the ever increasing gap 
between the beginning and the end of the 
formal part of engineering education. 
This gap is increasing as the frontiers of 
knowledge are steadily and relentlessly 
pushed back. It is no longer possible in 
the span of a student’s undergraduate 
years to bring him to a large section of 
the frontier. The time will come, and 
indeed may already be here in some cur- 
ricula, where it will be impossible for the 
average student to reach the frontier in 
his undergraduate study, depending upon 
his particular goals. The important faet 
is that engineering education, even the 
formal part of it, will continue to grow. 
If its function is the aiding of scholars in 
their search for the frontiers, whether the 
process takes four years or eight, there 
will be teachers stationed all along the 
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SPECIALISTS IN DIVERSIFICATION 


way, from beginning to end, to inspire 
and guide the student. 


Permits Differentiation 


While all the teachers in a certain sense 
have the same function, the manner in 
which they carry this out is quite differ- 
ent owing to the immense variety of for- 
mal courses, scattered as they are across 
the whole gamut of engineering educa- 
tion. This permits differentiation accord- 
ing to special functions. For instance, 
there are many teachers who, figuratively 
speaking, work within shouting distance 
of the frontier. It is their responsibility 
to give the students a detailed knowledge 
of the neighboring front, what technical 
battles are currently being waged, what 
large problems remain untouched. They 
nust help the students to equip themselves 
with the very special skills and techniques 
needed in order to become skillful tech- 
nical warriors. To be ideally prepared 
as a teacher of such courses, each would 
have to have spent some time at the fron- 
tier, to have first hand knowledge of it. 
While teaching, close contact would still 
have to be maintained. If the teacher 
were teaching some form of engineering 
practice, design work for instance, the 
teacher in planning and carrying out his 
professional development as an educator 
would include such musts as industrial ex- 
perience, consulting work, and registra- 
tion as a professional engineer. A teacher 
whose courses prepared students for spe- 
cialized research work might follow a 
slightly different path in striving for pro- 
fessional development as an educator. 
His program would probably include a 
doctorate in his specialty and continuing 
technical research of publishable quality. 
In both eases above, the whole purpose of 
their activities would be to equip them- 
selves to be better teachers for the courses 
in the area of their concentration. Such 
teachers would need to give very little 
thought to refinements of teaching tech- 
niques because their students, being 
within sight of their respective goals, 
would usually be highly self-motivated. 

If, as postulated above, certain teachers 
take specific steps to qualify themselves to 
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be inspiring teachers of their students 
in the area of their concentration, would 
it be wise to expect them to leave the area 
of their concentration and shift mental 
gears several times a day in teaching 
freshman or sophomore courses? What 
is the responsibility of the teachers of stu- 
dents just embarking upon a program of 
engineering education? At this stage, the 
students will still have many choices to 
make, many alternate paths open to them. 
Their teacher must illuminate the way for 
some distance ahead, point out in a general 
way where the various paths lead and do so 
in a balanced and unbiased manner. The 
students must be given the chance to make 
intelligent decisions. Even if the special- 
ists described above relished the oppor- 
tunity to teach the more basic courses, 
they would probably find that they would 
not possess the optimum qualities for 
such activity. 

Can any teacher reasonably be ex- 
pected to elect this as an area of concen- 
tration? What special abilities should 
teachers of introductory courses have and 
in what way should they plan their pro- 
fessional development as teachers so as 
to be of maximum service to engineering 
education? In short, in what way should 
they specialize? What follows will be an 
attempt to justify the statement that the 
existence of teachers concentrating in 
these areas is reasonable and perhaps 
necessary and that these teachers could 
be described as diversification specialists. 

Consider first of all what type of in- 
dividual would want to confine his teach- 
ing activities to introductory and basic 
courses. It would be a man, and surely 
there must be many such men, whose 
major interest in engineering education is 
in the activity of teaching itself, a teacher 
who would enjoy teaching almost anything 
but who enjoys teaching engineering sub- 
jects most of all because his mind is in- 
terested and challenged by technical con- 
cepts and truths. Such a teacher would 
take pride in his strategic role in launch- 
ing students upon engineering careers, he 
would sense the importance of his pivotal 
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position. He would know that his stu- 
dents are not near enough to their goals to 
be invigorated by the sound and smell of 
intellectual battle at the frontier and 
therefore they are not, on the average; 
highly self-motivated. This teacher would 
be more concerned than others with teach- 
ing methods, course organization, and 
pedagogical problems in general. If such 
a teacher is to guide and inspire students 
whose individual paths will go in many 
different directions, if he must illuminate 
the way for them, he must necessarily have 
a rather diversified background instead of 
a very narrow one, consisting of detailed 
information about one subject matter area. 
Such a teacher ideally would be a special- 
ist in diversification. In that way he 
could best fulfill his particular role in 
engineering education. Just as the other 
specialized teachers had special ways of 
developing themselves to be highly suc- 
cessful teachers in their areas, so will the 
specialist in diversification. He would be 
doing educational research of a publish- 
able quality in teaching methods, curric- 
ulum design and the like. He would be 
taking advanced fundamental course work 
in many areas. All this to make him a 
better teacher in his area. Unfortunately, 
the real need for men dedicating their 
lives to these fundamental areas has not 
been explicitly recognized as much as the 
need for advanced specialists. Therefore, 
it may be some time before recognition 
and advancement will follow as it should. 
The more traditional methods of develop- 
ment are less applicable in the case of the 
man who wishes to perfect the basic 
courses and needs a broad rather than a 
narrow background. When such special- 
ists in diversification are encouraged, all 
of engineering education will certainly 
profit, for is it not true that some of our 
weakest teaching is done on the lower 
levels? 


Growing Sentiment for Less 
Specialization 


Of special current interest is the In- 
terim Report of the Committee on Evalua- 
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tion of Engineering Education. The an. 
thors of the report stress the growing sen. 
timent for less specialization on the under. 
graduate level. The committee proposes a 
curriculum with a common stem and it ex. 
plains that the term “common stem” does 
not imply identical courses but is a phrase 
intended to clarify the need for a “unity of 
understanding” by students in different 
curricula. The teachers best equipped to 
help students to develop this “unity of 
understanding” would be those who had 
experienced it. It seems more and more 
imperative that at the lower undergrad- 
uate level we have not highly concentrated 
specialists but specialists in diversification, 
men who have developed by crossing tradi- 
tional departmental lines (sometimes 
grown to walls) and roamed far and 
wide, the better to guide students in their 
progress. Such men would be the living 
example of unity of understanding. It 
is conceivable that a limited number of 
men would form links between colleges of 
engineering and sciences, or even better, 
where unity of understanding is even more 
lacking, between colleges of engineering 
and liberal arts. <A specialist in diversif- 
cation would be able to speak the technical 
languages of both camps and act as liaison 
expert. 

A number of articles published in the 
Journal of the ASEE have bearing in some 
way on the subject of this paper and are 
quoted below as a means of summarizing. 
The ASEE Committee on Recognition and 
Incentives for Good Teaching in a recently 
published article said : “The committee also 
recognized that teachers are employed to 
produce certain specified, desirable results. 
One of these is introducing students toa 
subject. Another is carrying them up to 
the intermediate stage. And still another 
is carrying them to the frontiers of knowl- 
edge in a subject. A teacher who is adept 
in producing one effect and performing 
one function with students may be quite 
ineffective if asked to produce other effeets. 
A wise administration recognizes these 
differences and uses its teachers where they 
can be most effective” (1). 
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Thomas K. Sherwood, former Dean at 
M.LT., had this to say regarding specializa- 
tion in a department: “Though we would 
look a long time to find a man with all of 
the qualities on the list, it is not necessary 
that we find him, for many of the qualifi- 
cations listed, though essential to the com- 
posite staff of a department, are not ab- 
solutely essential in each and every staff 
member” (2). 

Regarding the background of the teacher 
of basis courses, Allen H. Blaisdell said: 
“In brief, since the bulk of engineering 
graduates will likely never receive more 
than four, or five at the most, years of 
college or university instruction it seems 
reasonable to suppose that such instruec- 
tion should be placed in the hands of 
teachers who are not specialists, but men 
of general scientific knowledge, broad and 
sympathetic outlook, as well as sustained 
interest in the activities of the engineer- 
ing profession. Possibly one might add 
that the less instruction the undergraduate 
student receives from pronounced special- 
ists of any kind, the less unbalanced his 
basic education. . .. Common sense would 
seem to indicate that the highly trained 
and specialized scientist will not, of neces- 
sity, achieve spectacular results in his 
efforts to instruct undergraduates unless 
he is fortunate enough to lecture in the 
field of his specialty. When it happens 
that he is assigned to instructional duties 
of a more general nature, the specialist 
is placed at a disadvantage as compared 
with the teacher possessing broader back- 
ground and more diversified experience in 
teaching” (3). 

In another section of the Committee on 
Recognition and Incentives report the 
following is found: “The one important 
prerequisite for good teaching appears to 
be a growing mind. Whether that mind 
is growing as the result of a search for 
better teaching methods, for more knowl- 
edge, for better methods of applying 
knowledge, or for various other reasons 
is apparently not so important as the fact 
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that the mind of the teacher is growing. 
. . . The question of teaching ability 
versus knowledge is one that must be 
solved by each university and each de- 
partment in its own way. So much has 
been said upon both sides of this issue 
that the committee approaches this prob- 
lem with great reluctance. Certainly no 
one would hire as a guide in frontier 
territory a person who had never been 
there. On the other hand, undergraduate 
education in engineering and science 
travels through fairly well explored re- 
gions, and many people who have never 
been to the frontier are completely famil- 
iar with these regions. These people 
serve not only as adequate but frequently 
as excellent and inspired guides.” (1) 


Conclusion 


In conclusion, if the introductory un- 
dergraduate engineering courses are to be 
taught in the best possible manner, if 
engineering students are to achieve a 
“unity of understanding,” it would seem 
that one of the best ways of doing this 
would be to recognize the need for teach- 
ers with diversified backgrounds and gen- 
eral interests, teachers with a great love 
for the activitiy of teaching itself, ded- 
icated to the important task of launching 
students upon engineering careers in the 
best possible way. Such specialists in 
diversification are sorely needed. 
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Professional Development of the Young 
Engineering Teacher * 


By DONALD R. LAMB 


Instructor of Civil Engineering, University of Wyoming 


The problem of professional develop- 
ment in the Young Engineering Teacher 
is by necessity twofold. As was pointed 
out by the General Council of ASEE, the 
objectives set forth for the YET group 
included: “An understanding of the gen- 
eral goals and responsibilities of the two 
professions which every teacher of engi- 
neering follows: engineering and educa- 
tion,” and “Guidance in his personal pro- 
fessional development both as an engineer 
and as a teacher.” This bifurcation, how- 
ever, converges into one single purpose: 
becoming a professional person. 

“Whosoever shall compel thee to go one 
mile, go with him twain.” This portion 
of the Sermon on the Mount adjures per- 
fection. “Every avocation has its mile of 
compulsion, its daily drab tasks and 
duties, its standards of honest craftman- 
ship, its code of man-to-man relations, 
which one must cover if he is to survive. 
Beyond that lies the mile of voluntary 
effort, where men strive for excellence, 
give unrequited service to the common 
good, and seek to invest their work with 
a wide and enduring significance. It is 
only in this second mile that a calling may 
attain to the dignity and the distinction of 
a profession” (“The Second Mile,” Wil- 
liam E. Wickenden, Electrical Engineer- 
ing, May 1942). It is this second mile 
that concerns the YET today. With the 
excellence of education at the disposal of 
all, the first mile can be accomplished by 
most engineering graduates. Before one 


* Awarded Second Prize in the ASEE 
Young Engineering Teachers Paper Contest 
of 1955. 
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can start on the second mile a definition 
of profession as well as its qualities 
should be set forth. The dictionary con 
veys the idea that a profession is a 
occupation which requires a liberal, if 
not a specialized, education and involves 
mental rather than manual labor; that 
profession implies scholarship as in the 
case of the learned professions of lay, 
medicine and theology. 

Since the three learned professions are 
generally cited as examples of what a pro- 
fession is, service to society or ministry 
to the people is an important characteris- 
tic of a profession. A quote from Van- 
nevar Bush on “The Qualities of a Pr- 
fession” (Electrical Engineering, April 
1939, pp. 156-160) will help exemplify 
this point. “In every one of the profes 
sional groups will be found the initia 
central theme intact—they minister to 
the people. Otherwise they no longer 
endure as professional groups. 

“. . . Ministry carries with it the ideas 
of dignity and authority; it connotes no 
weakness, and offers no apology. ... 
There is no fog of subservience surround 
ing the concept. The physician who mit- 
isters to his client takes charge by right 
of superior specialized knowledge of 4 
highly personal aspect of the affairs of 
the individual. The attorney assumes pr0- 
fessional responsibility for guiding the 
legal acts of his client, and speaks with the 
whole authority of the statutes as a back 
ground. It is in this higher sense that we 
trace the thread of ministry to the people 

“This is the fuel which has kept alight 
through many ages the professional spirit 
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Every time that the fuel has become ex- 
hausted, the light has gone out. It has 
not mattered how much was retained of 
trapping and mysticism nor what the pro- 
fundity of utterance, there has been no 
tre profession that has not with dignity 
and authority advised and counselled the 
people, that has not guarded the common- 
weal. For a true profession exists only as 
the people allow it to maintain its prerog- 
atives by reason of confidence in its in- 
tegrity and belief in its general benefi- 
cence.” 

A profession ministers to the people. 
Engineers minister to the people by their 
many contributions to the health, safety 
and convenience of the public. The engi- 
neering ministry is just as real, but it is 
usually applied in providing goods and 
services for people in the mass rather 
than personal service for an individual 
citizen. It is not surprising that the 
average citizen is more conscious of the 
“engineer” in the cab of the locomotive 
than he is of the engineer who designs the 
locomotive and the many other parts of 
a modern railroad system by which the 
citizen is enabled more quickly to accom- 
plish his errand in comfort and safety. 


Professional Development 


The second mile, professional develop- 
ment, is accomplished in part by the in- 
dividual and in part by his associates. 
The question “What can we do as individ- 
uals?” has been asked many times. If he 
sees a job that needs doing, and if he 
wants to have it done, and if he is willing 
to exert himself to help do it, then a per- 
son should start with himself and with 
those most closely associated with him in 
hisown community. Each one should con- 
tinually prepare himself for greater re- 
sponsibilities and for greater opportu- 
nities. Each one should support work in 
the broader field of his professional in- 
terest by whatever mechanism is at hand 
or by joining with his fellows in the de- 
velopment of a mechanism appropriate 
to their local problems. Each one should 
be aetive in some local civie organization, 
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thereby demonstrating to the people in 
other walks of life that engineers are not 
narrow, anti-social specialists. 

A short digression is in order at this 
point. The first premise discussed was 
professional development. The discussion 
following this text has dealt with what a 
profession is supposed to be and how the 
professional man develops along these 
lines. Unless at this point it can be 
definitely said that the profession exists, 
the evolution of any other ideas becomes 
meaningless. The author feels that the 
engineer has a profession but if he does 
not work to preserve what has been ac- 
complished and strive to add a stronger 
unity of purpose toward a singular goal, a 
union and not a profession will transpire. 

The second mile now lies ahead. The 
signs that direct one onward are educa- 
tion and scholarship, research or consult- 
ing, complete cooperation with cohorts, 
participation in learned engineering 
groups and association with civic pro- 
grams and ideals. This is the trail of 
voluntary effort where one can strive for 
excellence and invest his work for endur- 
ing significance. 

Formal training is, of course, the prime 
requisite for entrance into engineering 
education. The master’s degree should be 
the minimum effort of any person inter- 
ested in teaching. If, in obtaining a doc- 
tor’s degree, a person completely burns 
himself out, he will not be of value in 
the teaching field because of the lack of 
energy and individual excitement. There- 
fore, one will have to make a sacrifice of 
an advanced degree if it would impair 
his teaching effectiveness. The formal 
education that has been discussed ends 
usually with a degree, but as in other 
learned professions, engineering is marked 
by the continuance of study throughout 
one’s entire career. 

Scholarship, of course, is an important 
facet of education. Scholarship in all 
things is a very worthy goal. But there 
has to be a meeting point between scholar- 
ship and application. Vetruvius sum- 
marized this many years ago when he said 
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“Architects who have aimed at acquiring 
manual skill without scholarship have 
never been able to reach a position of 
authority to correspond to their pains. 
While those who relied only upon theories 
and scholarship were obviously hunting 
the shadows, not the substance. But those 
who have a thorough knowledge of both, 
like men armed at all points, have the 
sooner attained their object and carried 
authority with them.” 

The research and consulting signs are 
out for all to see. It is almost impossible 
to conceive of an individual who is exert- 
ing his energies in the direction of the 
second mile not being inquisitive. How 
any man can really teach science or engi- 
neering without acquiring a consuming 
curiosity about the many things that are 
unknown is unbelievable. And how one 
can get a glimpse of the unknown without 
an equally consuming desire to tell it to 
others who will carry it on is also a 
mystery. An inquiring mind must be the 
chief possession of the YET. And that’s 
the only kind of a mind that can either ex- 
plore the unknown or stimulate associates. 

The aim of research is to advance hu- 
man understanding. We believe in human 
understanding for its own sake. We be- 
lieve humans differ from the beasts largely 
in their ability and their urge to learn, to 
know, to comprehend. And what good is 
understanding? Well, aside from the fact 
that we are unsatisfied without it, aside 
from the fact that intellectual achievement 
possesses beauty and elegance which is 
good for its own sake, understanding leads 
to advances in human welfare. It abol- 
ishes ignorance and fear. Science and 
engineering are the chief tools in man’s 
eternal struggle to achieve his highest 
moral and spiritual ends. 


Research for All 


Even though the ery “I don’t like re- 
search” has been heard from each section 
of the country, there is research for all. 
Research does not need to be highly tech- 
nical but can be down-to-earth and uncom- 
plicated. We need to have better design 
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methods, better teaching techniques, anj 
fundamental student-teacher problems ey. 
amined. There is some beneficial type 
of research for each person along the 
second mile. 

The consulting work a YET ean dy 
during the summer gives him a chance ty 
apply the theories he teaches, with con- 
viction, during the winter. The consult 
ing work also gives him opportunity tp 
view how other people apply the theories 
that were learned and are now used. One 
cannot discount the financial gain of this 
type of mental advancement, but con 
sulting should be used for mental growth 
rather than financial advance. One can- 
not stand still, he either advances or he 
falls behind, and in our fast moving 
society it is extremely difficult to make 
up lost ground. 

The most difficult portion of the second 
mile is complete cooperation among s- 
sociates. “Very many people refer al 
their problems and perplexities of de 
portment to the Golden Rule: ‘Do unto 
others as you would that they do unto 
you. Generous and high-minded ma 
have thought the question through ani 
find the Golden Rule best suited to ther 
outlooks and temperaments. Others ar 
too busy (or too lazy) to think about tle 
question at all... .” This quote wa 
taken from “On Engineering Integrity’ 
(Committee on the Promotion of Ethical 
Standards, ASEH, Journal of Engineer. 
ing Education, Dec. 1953), and certainly 
points out that cooperation is a thought 
process first—action second. By follov- 
ing this lesson as well as the parable 0 
the Good Samaritan, the unimportant 
things that transpire among men to breel 
jealousy would pass unnoticed. By help 
ing others in the daily problems of teach- 
ing, research and_ scholarship, bette 
cooperation would be established as wel 
as dissemination of knowledge. 

Each branch of engineering has its pr 
fessional group. In these groups the 
technical information in each field is set! 
to each participating member.  Adtive 
work in the founder societies has its t 
wards in not only making it possible 
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keep up with the rapid advances in the 
field, but in giving an outlet for the pro- 
ductivity of the members. Association 
with professional people can transmit 
professionalism to those who are young 
and receptive. 

All of the YETs should also belong to 
the one educational society, ASEE, of 
their profession. Not only are the prob- 
lems and explanations of his age group 
reported and discussed, but also the great 
backlog of information and experiences 
of the not-so-young teachers. Let it be 
pointed out here that “belonging to” is not 
active participation in the professional 
groups. One can get out only as much as 
one puts in. 

As a person settles down into the life 
of a community he has to become part of 
this group. To become part of a com- 
munity one must participate in the af- 
fairs of state. It might be at this point 
that the real public relations part of the 
engineering profession should have its 
beginning. The other learned professions 
have their members in civil groups up- 
holding civic ideals. In a church build- 
ing program in a western city where a 
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University was located, the building com- 
mittee was composed of a cross-section of 
the parish. However, there was a con- 
spicuous absence of engineers on the list, 
yet there was available at least one engi- 
neer from each of the departments in the 
engineering school. 

If engineers are to prove that they are 
not narrow, anti-social specialists, they 
will have to become an important part of 
the community life and become associ- 
ated with the civic ideals that are im- 
portant to the life of their families and 
friends. 


Conclusion 


In conclusion, it should be pointed out 
again that the professional development 
of the young engineering teacher lies 
along the “second mile of voluntary effort, 
where men strive for excellence, give un- 
requited service to the common good, and 
seek to invest their work with a wide and 
enduring significance.” To close, the lines 
of Matthew Arnold are a fitting exemplifi- 
eation of professional development: “Life 
consists not in getting and holding, but in 
being and becoming.” 


Lamme Award 


The Committee on Lamme Award is al- 
Ways anxious to get nominations for the 
Award from the membership of the So- 
ciety. Any member may place a name 
in nomination; the selection will be made 
by the Committee by letter ballot. 

The Lamme Award consists of a gold 
medal and bronze replica bestowed an- 
nually upon a distinguished engineering 
educator for excellence in teaching and 
contributions to the art of teaching; con- 
tributions to research and technical litera- 
ture; achievements which contribute to the 
advancement of the profession; and en- 


gineering administration. The Lamme 
Trust Fund was established in memory 
of Benjamin Garver Lamme. For a 
brochure describing the Award and a 
nomination form, please write to the 
Secretary, Professor W. Leighton Collins, 
University of Illinois, Urbana, Illinois. 

Nominations should be sent to the 
Chairman of the Committee, Dean F. E. 
Terman, College of Engineering, Stan- 
ford University, Stanford, California by 
February 1, 1956. Nominations should be 
accompanied by evidence supporting state- 
ment and claims. 
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James H. McGraw Award for 1955—Presented 
to Frederick E. Dobbs 


The James H. McGraw Award in Tech- 
nical Institute Education is an annual 
award of $500 for outstanding contribu- 
tions to this field of education. The award 
is administered by the Technical Institute 
Division of ASEE and is sponsored by 
the McGraw-Hill Book Company, Ine. 


Citation 


To Freperick E. Dosss, distinguished 
teacher, educator, and administrator—for 
his outstanding contributions to technical 
institute education; for his stimulating 
leadership in the development of technical 
institute training facilities; for his ad- 


ministrative skill in guiding the destiny of 
Wentworth Institute through periods of 
both peace and war; for the enviable ex. 
amples of curriculum development, in. 
structional facilities, and sound supervi- 
sion which have characterized his work in 
this country and abroad; for his superla- 
tive achievements for the Ford Fount. 
tion in the development of technical edv- 
cation in Pakistan; for his tireless efforts 
as the Ford Foundation consultant to th 
Government of India in the development 
of the small industries program—this 
sixth annual James H. McGraw Avari 
in Technical Institute Education is pre 
sented. 


Shown above are participants in the presentation ceremony at.the annual banquet of 
ASEE at Penn State University. Left to right: Dean Eric A. Walker, recipient of the 
award Frederick E. Dobbs, Dean N. W. Dougherty, Prof. Maurice R, Graney. 
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Annual Report of the Engineering College 
Research Council 


1954-55 


Prepared by HAROLD K. WORK 


Chairman 


During the past year, the Engineering 
College Research Council has continued 
to work on the various problems facing 
engineering schools, doing sponsored re- 
search. The basic problem has been ap- 
proached in various ways, which are de- 
tailed as follows: 


Publications 


A new edition of “Review of Current 
Research and Directory of Member Insti- 
tutions” has been prepared and will be 
available early in July. This booklet 
should be valuable to all of our member 
institutions, to individual faculty mem- 
bers, and to sponsors who are trying to 
locate and evaluate institutions for han- 
dling their research. The Secretary of 
the ECRC, Mr. Renato Contini, has been 
responsible for this publication. 

A committee under Eric A. Walker has 
been working on the preparation of a 
book on “Creativity in Research.” They 
are using as source material a group of 
papers presented at various symposia and 
meetings sponsored by the ECRC. In 
addition, some special solicited papers 
may be included. The available material 
_ being evaluated by a publishing 


The Committee on Relations with Fed- 
eral Government Agencies under R. J. 
Woodrow has prepared a brochure en- 
filed “Sponsored Research Administra- 
tion.” This is an excellent handbook, cov- 
ering many problems of interest to the re- 
search administrator. It will be published 
ad distributed to member institutions. 
Provision may also be made to make it 
available to others. 
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Relations with Federal Government 
Agencies 


The Committee on Relations with Fed- 
eral Government Agencies under R. J. 
Woodrow has continued to be one of our 
most important and active committees. 
The Committee has considered a variety 
of subjects and a brief resume of such 
activities will be given here. 

Overhead and direct costs of research 
conducted for the Government are being 
studied by the committee. A problem 
exists, with the Department of Health, 
Education and Welfare and others, who 
do not want to cover the full cost of the 
research. The Committee will continue 
to press for a single standard of payment 
for research in which research costs are 
fully reimbursed above the lines of the 
Mills formula. 

A regulation promulgated and distrib- 
uted by the Department of Commerce 
which imposed severe limitations on engi- 
neering schools in the performance of 
their functions in education and research 
was the subject of considerable concern. 
Through the activities of the committee 
the regulations were redefined in such a 
way that it minimized the objectionable 
features as far as educational institutions 
were concerned. 


Relations with Industrial Research 
Agencies 


The Committee on Relations with In- 
dustrial Research Agencies under §S. T. 
Carpenter continued to maintain relation- 
ships with those organizations most con- 
cerned with industrial research. These 
included the Research Committee of Na- 
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tional Association of Manufacturers and 
the Industrial Research Institute. An 
attempt was made to arrange a regional 
conference with NAM but this did not 
materialize. 

As a part of the annual program, the 
committee arranged joint sessions with 
the Graduate Studies Division on sub- 
jects of interest to industrial research 
people as well as engineering research 
people. 


Awards 


At each ASEE Annual Meeting a series 
of awards is given for various educational 
activities but there is no award specif- 
ically aimed at the stimulation and im- 
provement of engineering research. A 
Committee was set up under the chairman- 
ship of R. J. Martin to determine whether 
or not such an award was desirable. This 
was decided in the affirmative and the 
committee is now trying to define the na- 
ture of the award and arrange for its 
financing. It is planned that such an 
award will be initiated in 1956. 


Basic Research 


The Committee on Basic Research, 
which was originally set up to help the 
National Science Foundation in its en- 
gineering research activities, has been dis- 
continued as its services are no longer 
needed. 


Research Administration 


Many of the problems in the adminis- 
tration of sponsored research are not 
covered by our present committees. For 
example, the excellent salary analysis re- 
cently prepared by Virgil E. Neilly would 
fall in this category. It was decided, 
therefore, that a committee was needed on 
research administration which might study 
various problems in research, such as (1) 
Overhead costs, (2) security requirements 
and (3) extra salary payments for staff 
members engaged in classified research, 
ete. R. A. Morgen was appointed chair- 
man of the Committee and selected as his 
first project, the study of how research 
personnel, in various research organiza- 


tions, are handled in the matter of tenure, 
fringe benefits and so forth. The Com. 
mittee is also considering a study of 
standardization of reports. 


Program for the National Meeting 


The program committee under the chair. 
manship of R. G. Folsom developed an 
interesting program. In order to be cer. 
tain that people interested in both educa- 
tion and research would find something of 
interest in the program, the general ses- 
sion involved relationships between the 
two. Three eminent speakers, two of 
which are engineering school presidents 
and the third a corporation president, 
were secured. 

Another joint dinner was arranged with 
the ECAC and Dr. E. W. Engstrom, Viee 
President of the Radio Corporation of 
America was the speaker. 

Two joint, open sessions were arranged 
with the Graduate Studies Division. It is 
felt that the combination of our activities 
with those of other committees should he 
encouraged in the interest of converting 
small competing meetings into better joint 
meetings. 

As is customary, a closed session was 
held at which the various problems of 
ECRC members were discussed on a more 
or less confidential basis. 

Four executive committee meetings 
were held during the course of the year 
as well as numerous committee meetings. 


Nominations 


The Nominating Committee under the 
Chairmanship of Frank W. Dawson pre 
sented names to replace the following 
officers who are retiring: 


R. A. Morgen 
F. C. Lindvall 
G. R. Town 


Those nominated by the committee and 


elected by the ECRC representatives art 
as follows: 

K. F. Wendt 

T. J. Killian 

H. W. Barlow 
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Report of the ASEE Committee on Atomic 
Energy Education 


Prepared by PHILIP N. POWERS 


Chairman 


Purpose of Committee and Earlier 
Activities 


The Committee was established in 1950 
under the leadership of Thorndike Saville, 
President of ASEE at the time. Its pur- 
pose was to help engineering colleges to 
become better informed about the needs for 
engineers with training in nuclear energy 
and the availability of teaching materials. 
Close liaison with the AEC was provided 
at the outset, and regional subcommittees 
were formed to arrange for conferences. 


Committee Meetings Since Last June 


The Committee met in Ann Arbor im- 
mediately after the ASEE meeting in 
Urbana last June and again in Chicago in 
May. Most of the work has been per- 
formed by six different subcommittees. 


Preparation of Reactor Engineering 
Textbook 


In May of 1951 the Committee recog- 
nized the need for a nuclear engineering 
textbook and proposed to the Atomic 
Energy Commission that they arrange for 
its preparation and publication. The 
Commission acted favorably on this pro- 
posal, and Dr. Samuel Glasstone was en- 
gaged to prepare the text. Since then, a 
subeommittee under the chairmanship of 
Dean R. C. Ernst has reviewed Dr. Glass- 
tone’s work, and the final draft was ac- 
cepted by the full Committee in May 1955 
4 meeting the objectives originally set. 
The Commission has now been informed 
of this action of the Committee and that 
we believe the book will be very useful 
in assisting engineering educators to in- 
corporate nuclear materials into the engi- 
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neering curriculum. The title is “Prin- 
ciples of Nuclear Reactor Engineering.” 


Conferences at the Penn State Meeting 


Under the chairmanship of Professor 
Glenn Murphy, a subcommittee or- 
ganized two conferences for the Penn 
State meeting. The first was on the ob- 
jectives of atomic energy education and 
on the present extent of unclassified re- 
search in nuclear engineering. 

A second conference was held in c¢o- 
operation with the Relations with Indus- 
try Division. The theme was “Industry 
and Nuclear Engineering Education,” and 
there were papers on the need for engi- 
neers with nuclear training, the role of the 
colleges, and the role of industry in pro- 
viding the training. 


Survey of Nuclear Engineering Research 


Under the leadership of Professor Her- 
bert S. Isbin, a survey has been made on 
the progress being made by our univer- 
sities and colleges in furthering nuclear 
engineering research. The Commitee be- 
lieves that encouragement should be given 
to educational institutions to increase their 
research activities in areas involving nu- 
clear energy problems. It is hoped that 
the data which have been collected regard- 
ing present activities will be helpful to 
engineering colleges in planning their own 
programs. 


Participation in the Nuclear Engineering 
and Science Congress at Cleveland 
Last fall President Dougherty advised 

the Chairman of this Committee that he 

had attended a meeting called by the En- 
gineers Joint Council to consider the pos- 
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sibility of a joint effort among several 
engineering societies to organize a Nuclear 
Engineering and Science Congress. He 
asked the Chairman of this Committee to 
serve as his representative in subsequent 
discussions of this problem. As a result, 
ASKEE is one of the participating societies 
in the forthcoming Congress to be held in 
Cleveland this coming December. ASEE 
is taking responsibility for a half-day con- 
ference on nuclear education problems. 
Professor Cliff Beck of North Carolina 
State College serves as Chairman of the 
subcommittee which is making these ar- 
rangements. The program which we are 
planning will involve presentations by 
several outstanding engineers in the nu- 
clear field on the educational requirements 
for work in the field. 


Objectives and Materials for Atomic 
Energy Education 


At its meeting in June of 1954, the 
Committee agreed that serious attention 
should be given to what the Committee 
could do to help in identifying educational 
objectives in atomie energy and to help 
engineering professors find out about un- 
classified materials which might be help- 
ful to them. As a result, a subcommittee 
under the chairmanship of Dean George 
Hawkins wrote to 143 deans of engineer- 
ing schools and asked them to choose 
among four different ways in which our 
Committee might help. The plans which 
he asked them to consider were: 


1. Having an individual who is an au- 
thority in the field and who under- 
stands the problems of engineering 
education visit your institution to 
discuss atomic energy education with 
interested members of the faculty, 
and to suggest procedures that might 
be used. 

2. Having a team composed of author- 
ities visit your institution to discuss 
the problems with interested mem- 
bers of the faculty. 

3. Having a report prepared and dis- 
tributed describing various proce- 
dures that could be utilized in incor- 
porating nuclear science into the en- 
gineering curricula. 


4. Sending representatives of your fae. 
ulty at your expense to regional con. 
ferences devoted to the subject. 


He had a very fine response with some 
interest expressed in all four plans, but 
with a great majority preferring the third, 
in which a report would be prepared and 
made available to engineering faculties, 

This response led the Committee to he. 
lieve that it had been given an assignment 
which it should take very seriously indeed, 
The recent upsurgence of industrial in- 
terest in atomic energy work and the pres- 
ent unprecedented demand for people 
with competence in nuclear energy makes 
it clear that the training of the engineers 
needed has become a big and urgent task. 
It seems to us essential that the ASEE do 
what it can to meet the requests which we 
received and to serve the engineering cdl- 
leges through helping them to decide hov 
best to meet these demands at the under. 
graduate and graduate levels and in ex- 
tension work. Because of the present 
urgency, the government is providing spe- 
cialized nuclear training for engineers 
and scientists from abroad as well in this 
country, and it seems obvious that engi- 
neering colleges must carry an increasing 
share of this burden. 


A Proposed Study of Educational 
Requirements 


The Committee believes, therefore, that 
it should be authorized by the Society to 
make a comprehensive study of educa 
tional requirements in this field, and we 
have prepared a specific proposal for the 
consideration of the Council. The pat 
tern which we have in mind resembles the 
study which was performed by the Com- 
mittee on the Evaluation of Engineering 
Education. It will be necessary to ask 
some one member of the Committee t 
allow his office to be used for putting the 
materials together and the preparation o 
reports. Financing would have to be ade 
quate to permit the Committee and neets 
sary subcommittees to get together as I 
quired and to permit visits to engineerilt 
colleges. The plan was prepared by ! 
subcommittee under the chairmanship 
Professor Glenn Murphy, and he bi 
agreed to present our plan to the Counel. 
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Report of the ASEE Committee for Young 
Engineering Teachers 


Prepared by PHILIP WEINBERG 
National Chairman CYET, 1954-55 


Introduction 


This report is intended as a brief sum- 
mary of the activities of the CYET. In- 
cduded are a series of recommendations, 
the most significant being a proposal for 
establishment of a summer workshop for 
young engineering teachers. 


Committee Activities 


This year has seen an interesting growth 
in the committee’s functions. Many seec- 
tions which were relatively inactive in the 
past have developed many programs. A 
few formerly active sections showed a 
noticeable decline. The interesting fea- 
ture here was that earlier programs had 
left a residue which kept institutional 
activity alive even though sectional co- 
ordination was lacking. Much depends 
on the sectional YET representative and 
the kind of cooperation he can obtain 
from institutions and sectional officers. 

Typical of the activities this year were 
seminars, panels and conference meet- 
ings. Many of the annual section meet- 
ings have contained a session planned by 
and concerned with the YETs. Other 
activities ranged from dinner meetings 
for combined groups of administrators 
and YETs to the planning and financing 
of a 3-day conference for all young 
teachers in a section. On this latter 
statement, I might mention that the sec- 
tion in the past was quite inactive. 


Recommendations 
1. Officers for 1955-56 


a Professor John L. Artley—National 
Chairman, Duke University 
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b. Professor Thomas Boyle—National 
Vice-Chairman, University of Mich- 
igan 

e. Professor Lee Harrisberger—Vice- 
Chairman for Sub-Sections, North 
Carolina State University 


2. Appointment of Sub-Chairmen 


It is the recommendation of the com- 
mittee that sectional sub-chairmen be 
elected at sectional meetings by the gen- 
eral membership. The term of office to 
be left to the section but not to exceed two 
years. It is suggested that the term of 
office commence no later than the begin- 
ing of the school year following the elec- 
tion. Where this is inconvenient, the 
prerogative for time of taking office 
should be left to the section. 


Reasons set forth for this reeommendation 
are: 


a. Closer cooperation is possible be- 
tween section officers and YET sub- 
chairman 

b. Inereased status of YET representa- 
tive 

e. Procedure will be more democratic 


3. Membership Drive 


It is recommended that the CYET be 
delegated to assist the Society in its mem- 
bership drive. Since an institutional rep- 
resentative is established, it provides the 
opportunity of a personal contact. 


4. Paper Contest 


It is recommended that the paper con- 
test be continued. Notification of the 
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rules should be sent to all section chair- 
men and the chairman of CYET, by Octo- 
ber 1, 1955, for early publicity. It is 
suggested that papers submitted be re- 
viewed for possible publication value, 
and that this be publicized in the an- 
nouncement of the paper contest. It is 
further recommended that one member of 
the national judging committee be a 
qualified YET. 


5. Summer School on Educational 
Methods 


It is recommended that a short term 
summer school be planned by the educa- 
tional methods division and CYET to pre- 
cede the convention on a theme stressing 
pedagogical matters. 


6. Annual Summer Workshop for Young 
Engineering Teachers 


It is recommended that a committee be 
appointed to study the feasibility of estab- 
lishing an annual summer workshop for 
young engineering teachers. This recom- 
mendation is consistent with recommenda- 
tion B, Section VIII of the Report of the 
Committee on Improvement of Engineer- 
ing Teaching. There are strong indica- 
tions that industry will support such a 
workshop financially. The proposal sent 
to certain prominent educators and re- 
sponsible industry leaders was in essence 
as follows: With the impending shortage 
of teaching talent, there will be a tendency 
for the schools to meet their needs by the 
utilization of less qualified persons. I 
would propose the establishment of a 
summer school to be held annually for 
which, say 50, engineering teachers would 
be invited to participate. Educational 
theory and methods of teaching specific 
technical subject matter should be major 
factors of the curriculum. The only stip- 
ulation would be that each teacher take 
back to his institution the ideas that he 
had obtained by conducting regularly 
scheduled seminars and organized pro- 
grams in which the exposition of the ac- 
quired knowledge could occur. Ideally, 
the staff of such a school would consist of 


those educational and industrial repre. 
sentatives who have gained well-estab. 
lished reputations and would be wel 
qualified to make a contribution to the 
instructional facility. 

Now as to the details of such a proposal, 
the mechanism might be an eight-week 
seminar session to be financed by edues. 
tional institutions and industry. In vey 
recent years, as you well know, there has 
been a renaissance with regard to indw. 
try’s attitude toward education. Industry 
is now earnestly seeking ways to put edv- 
cation on a firm footing. I suggest that 
one contribution might be the proposal 
stated earlier. In a period of ten year 
(when the shortage of teachers might k 
severest) 500 teachers with this summer 
session experience would have diffuse 
through the engineering schools to help 
maintain qualities of education whied 
may decrease at an alarming rate 
the staff shortage becomes pronounced. 

The session might be held at the hos 
ASEE institution following the Nation 
Meeting thus permitting these young pe0- 
ple to participate in the meeting. Ead 
invited teacher would receive a fellowship 
to compensate for lost income. Whilt 
many people should be willing to receiv 
the educational benefit without finan 
compensation, I believe it would be neces 
sary to provide a stipend if qualified pe 
ple are to be attracted. 

To establish a talking point, suppose ve 
consider the following pattern: (1) Hos 
institution or camp site might provile 
housing and eating facilities at a nomini 
rate; (2) The institution sending th 
young teacher would provide the travé 
funds and in return receive the benelit 
of an organized seminar program; (}) 
Industry would provide funds for tk 
stipend and expenses for maintaining th 
school. This might be accomplished lj 
soliciting a grant from the approximately 
100 major companies which have ASH 
membership, or perhaps a single orgall 
zation might underwrite the operation. 
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What are the advantages that may ac- 
erue from such a program? (1) It would 
tend to provide better teaching and, con- 
sequently, provide a better product for in- 
dustry; (2) In ten years a diffusion of in- 
formed young people could only have a 
stimulating effect on engineering educa- 
tion; (3) It would bring to the institu- 
tions ideas that its own faculties may not 
have explored (through seminars and or- 
ganized programs) ; (4) It would permit 
young teachers to exchange ideas among 
themselves. This would broaden the base 
of engineering education by the trans- 
fusion of such ideas. 

I suggest the committee be composed of 
engineering administrators, industrial rep- 
resentatives, YETs, representatives from 
the graduate study and the educational 
methods division. 
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Specific items of cost have not been in- 
cluded in this report. However, it is esti- 
mated that $60,000 would be required to 
operate the school and provide fellow- 
ships. Mention has not been made of 
possible solicitation from Foundations. A 
committee appointed to study the com- 
plete problem can best determine the 
method of securing the financial support. 
Again, I would like to emphasize that a 
prepared proposal is very likely to re- 
ceive favorable support from industry. 

These recommendations were thoroughly 
discussed at two meetings of the CYET in 
which a past president and a number of 
deans gave enthusiastic approval. 

We have an opportunity to pioneer in 
an area that has been sorely neglected, 
that of developing college teachers. Let 
us give this our earnest consideration. 


James H. McGraw Award 


The James H. McGraw Award in Tech- 
nical Institute Education is an annual 
award of $500 for outstanding contribu- 
tins to this field of education. The 
award is administered by the Technical 
Institute Division of the ASEE and is 
sponsored by the McGraw-Hill Book 
Company, Inc. The award is made at the 


annual banquet of the Technical Institute 
Division of the ASEE. 

Nominations for the award should be 
sent to the Chairman of the Technical In- 
stitute Division, Karl O. Werwath, Pres- 
ident, Milwaukee School of Engineering, 
Milwaukee, Wisconsin. 


Candid Comments 


It Won't Be Easy 


By DAVE SAUNDERS 
Consulting Editor 


The ability to write so as to convey suc- 
cessfully information of any kind neces- 
sarily is based on a comprehensive knowl- 
edge of language. Technical writers and 
editors cannot be made simply by estab- 
lishing a college curriculum designed to 
teach technical writing and editing, nor 
can they be made by teaching English at 
any level above high school. 

An adequately comprehensive knowl- 
edge of language begins in the crib. The 
failure of parents and of teachers in the 
early school years to teach English ren- 
ders ineffective any later program de- 
signed to produce technical writers and 
editors. This failure is part of a vicious 
circle which begins with the fact that 
today’s parents and teachers are generally 
inarticulate. 

It is entirely probable that colleges have 
not established curricula for technical edit- 
ing and writing because of the poor mate- 
rial that sits in their classrooms. Students 
today approach higher learning with only 
a meager knowledge of English. This is 
a result of the fact that schools have 
abandoned the basic theory that all learn- 
ing depends on language. 

“Language” involves much more than 
the ability merely to read and write. It 
involves the ability to select the right 
words and put them together so that the 
meaning is clear and unmistakable. 

Without adequate training in the use 
of language, no student can be taught to 
produce good technical writing or to be 
a good technical editor. Students at lower 
levels are not being taught how to read 
and write effectively. When they reach 


the college level, they have not learned 
how to express their thoughts or to under. 
stand the thoughts of others, most of 
whom are in the same boat on an intel. 
lectually barren sea. 

Why have our schools abandoned the 
basic theory that all learning is ineffectual 
without an understanding of language! 
This abandonment is the inevitable result 
of the unrealistic theories on which i 
based the so-called “child centered” school, 
We now are paying the penalty for failur 
to recognize and insist upon the impor. 
tance of teaching English first. By 
“teaching English” I mean really teach- 
ing it, not presenting the child with dis 
connected words which he is not able to 
assemble properly. 

Ours is a literate nation, but it is not 
articulate. It is an age of cartoon book- 
lets and mystery stories written by author 
whose attacks on the English language 
bring on spine-chilling shudders far wors 
than those caused by the plots. Thee 
authors, remember, are products of the 
same schools from which it fondly i 
hoped that the demand for technical 
writers and editors can be met. 

It has been suggested that the discipline 
of learning to write is too much to expett 
of our children. Why? When is a better 
time to learn to write than in the forme 
tive years? It is preposterous and insult 
ing to suggest that our children today ar 
of such low mental capacity that they 
must be coddled. 

It has been suggested also that we cant 
expect grade or high school students 1 
be saddled with homework. Why nd! 
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CANDID COMMENTS 


The theory that homework is too much for 
the child is part of the idiotic theories of 
the child centered school. Nobody ever 
learned anything beyond the bare essen- 
tials by limiting his education to the hours 
spent in a classroom. Homework is the 
practice of what is learned in school. The 
practice that is so necessary to develop- 
ment of a skill cannot be done at the same 
time the fundamentals are being learned. 

These suggestions came from individ- 
uals who have not learned that it is gram- 
matically incorrect to follow the adjective 
“like” with a verb or to start a sentence 
vith a conjunction. Of course, grammar 
alone is not enough to make a writer or 
editor. Without good grammar, however, 
language becomes sloppy; and sloppy 
writing hardly is the sort of writing on 
which the culture of our people should 
be recorded. 

With an adequate background in the 
English language, the man who reaches 
college level will need no.more than a 
suggestive course in technical writing and 
editing. This course would need to in- 
clude instruction in the techniques of re- 
production, photography, drawing, and 
other things pertinent to editorial work. 

Colleges have not established adequate 
curricula in technical writing and editing, 
not because they consider these subjects 
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unimportant, but because it is impossible 
to teach them to students whose knowl- 
edge of English is pitifully inadequate. 
You cannot teach these subjects to unpre- 
pared students any more than you can 
teach caleulus to a man who has not had 
algebra. 

It would be useless to try to teach tech- 
nical writing and editing at college level 
until the lower schools begin to teach 
English. Students in the lower schools 
are not required to write enough nor to 
read enough. Practice in writing should 
be had at these levels so that when the 
student reaches college, he can devote his 
time to college work without having to 
learn the rudiments of his native tongue. 
College is not the place to teach basic 
English, but the place to adapt what the 
student already should have learned to his 
college and professional life. 

Until something is done about the piti- 
ful condition of English students in 
schools below college level, we are faced 
with a continuing shortage of technical 
writers and editors. In an age when we 
are confronted with gibberish from the 
radio, television, press, and publishing 
house, it is almost a forlorn hope to ask 
for a Renaissance. There is no indication 
of it on the intellectual horizon. 


Vital Problems 


By GREGORY M. DEXTER 
Scarsdale, N. Y. 


Having retired professionally as a con- 
sulting engineer, I am free to argue for 
amore vital program by the JOURNAL OF 
ENGINEERING EpucatTion. Too often an 
atticle in the JouRNAL impresses me as 
limited in application or hackneyed as 
compared with the problems that should 
be discussed. So here are some vital 
problems that merit discussion : 


1. If progress is to be made in engi- 
leering education, freedom of discussion 


on debatable subjects must be granted. 
Where strong disagreement on a subject’s 
treatment might arise, arrangements could 
be made to publish a reply simultaneously 
with the inciting paper. This method is 
preferable to arbitrary censorship. In 
any case, brief discussion later should be 
invited. If the paper is too long, pub- 
lication of a condensed version should be 
offered. 

2. A few technical schools and at least 
one large manufacturing company are 


i 
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testing prospective engineers for voca- 
tional preferences, mentality, and person- 
ality to learn if they are fitted for engi- 
neering and if so what type. A list of 
schools doing so, cost, and results obtained 
would be a valuable paper for future 
engineers. 

3. The United States for industrial as 
well as defensive reasons needs all the 
engineers it can get. Artificial barriers 
should not be allowed to handicap Jews 
and Negroes from getting the necessary 
education as engineers. To what extent 
have the barriers been eliminated? Spe- 
cial effort was needed in New York State 
and is presumably needed elsewhere. 

4. Some of our state technical schools 
are obliged by law to take all applicants 
who graduate from high school, regardless 
of their capabilities. What is the mortal- 
ity of the freshmen in those schools com- 


Evaluation of Engineering Teaching Ability 


By FRANCIS W. ROYS 
Dean of Engineering, Worcester Polytechnic Institute, Worcester, Mass. 


In the May 1955 issue of the JourNAL 
OF ENGINEERING EDUCATION is an article 
entitled “Evaluation of Engineering 
Teaching Ability” and at the end of the 
article is an editorial remark saying “Com- 
ments on the subject are invited.” 

It is clear that the writer of the article 
has done enough thinking to convince him- 
self of the futility of any specific scheme 
of evaluation by points, items, ete. and as 
the last two paragraphs plainly testify 
and I can sympathize with these conclu- 
sions for I have tried various schemes, 
plans, graphs, tables, etc. and always with 
the same unsatisfactory results. 

The answer seems inevitable that the 
measure of success is in terms of the re- 
sults. In other words, are the students, 
on the average able to demonstrate their 
proficiency in mastery of the purpose of 
the course when it is completed? If the 
answer is yes, then the teaching must be 
evaluated as successful. 
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pared with schools with stiffer standards! 
How do results compare with schools ys. 
ing the College Board Tests where the 
score is 500?, 600? 

5. The Society should carry in its jou. 
nal protests of any censorship of teaching 
as it occurs. There have been several 
deplorable incidents in the last few years, 
The most recent was the barring by the 
University of Washington of an address 
by Dr. J. Robert Oppenheimer, certainly 
one of the leading world physicists. Are 
our future engineers to be educated only 
on pap or are they to be given the op- 
portunity to hear the best the world has 
to offer? 


The list above could be easily increased, 
It should serve however to show how the 
JOURNAL could be handled to serve a mor 
vital function in engineering education. 


But what about the purpose of the 
teaching? Is it training in skills or inte. 
lectual development? Is it indoctrination 
or education? A teacher may be excellent 
in one area and very poor in another. 

How many teachers, so called, espe 
cially the more inexperienced, really stop 
to think just what they are trying to 2- 
complish? It may be that mastery of i 
subject may depend mostly on pure met 
ory, like learning the multiplication table 
after the idea of successive addition i 
understood. It may be partly memory 
and partly association, accompanied 
the higher realms by philosophical reflee- 
tion as in History of various kinds. I 
may be memory of basic processes fol 
lowed by logical analysis as in various 
kinds of mathematics. It may be ap 


preciation and understanding of bast 
laws of natural sciences, or it may b 
philosophical generalizations based 
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these laws or techniques in their use for 
the solution of practical problems. 

It may be for training in craftmanship 
in any one of a thousand kinds. 

Now, if the purpose of the effort is 
just to teach someone how to do certain 
things then a method of indoctrination 
is quite effective and fast but if under- 
standing of why things are as they are 
and to what purpose or conditions they 
apply to, or what possibilities and limita- 
tions are involved then mental processes 
of consideration, comparison, analysis, 
deduction, conclusion, ete., ete. must be 
developed or drawn out and it requires 
special skills in educational methods pos- 
sessed in high degree by relatively few so 
called engineering educators. 

A man may know his subject; may be 
an excellent lecturer; may be a fine dem- 
onstrator and explainer and so do quite 
well on an indoctrination basis and yet 
an almost total failure in accomplishing 
development of a student’s intellectual 
power in logical deductive analytical and 
philosophical thinking. In fact, he may 
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be a very poor educator in the real sense 
of the word. 

And so I repeat that if the students 
have grown under the teacher in real in- 
tellectual stature so that on the average 
they are able to demonstrate their pro- 
ficiency in mastery of the real purpose of 
the course at its completion the teacher 
could well be evaluated as effective and 
successful. 

Any teacher who is able to accomplish 
the real purpose of a course would, by 
necessity, have to keep himself up to date 
by activity in a fair proportion of the 
areas and interests discussed in Mr. Evans’ 
article. 

Good teachers become recognized by 
their students without any doubt although 
the attributes of one may be very different 
than those of another. In fact it is this 
variety which lends spice to an adequate 
and effective faculty and it probably is 
better that we shall be reasonably content 
with this recognition rather than with any 
precise evaluation of ability in Engineer- 
ing Education. 


In the News 


Dr. J. Whitney Bunting, former pres- 
ident of Oglethorpe University, has 
joined the Educational Relations Serv- 


ices Department of the General Electric 
Company at New York City as consult- 
ant in educational research. 


Minutes of the Executive Board 


Pennsylvania State University 
June 20 and 22, 1955 


A meeting of the Executive Board of the 
American Society for Engineering Educa- 
tion was held at the Hetzel Union Building 
on June 20 and at the Nittany Lion Inn on 
June 20 and 22,1955. Those present were 
N. W. Dougherty, President; W. L. 
Everitt, B. R. Teare, Jr., L. J. Lassalle, 
and H. K. Work, Vice Presidents; G. W. 
Farnham, Treasurer; W. Leighton Col- 
lins, Secretary, C. E. Watson, Assistant 
Secretary and Editor; Mrs. Naomi Gar- 
man, Office Secretary; E. S. Burdell, L. 
E. Grinter, J. F. D. Smith, Guests. 


1. Report of the Secretary 


The mimeographed report presented is 
attached as Appendix A.* 


a. The Executive Board VOTED to 
continue Professor C. E. Watson as Edi- 
tor until October 1, 1955. 

b. Due to there being over 900 members 
delinquent in dues for one or more years 
it was agreed a letter from the Treasurer 
stressing the need for individual dues pay- 
ment should accompany the next dues 
statement to these members. 

ce. The general status of the Society’s 
activity in regard to the Nuclear Engi- 
neering and Science Congress to be held 
at Cleveland, Ohio on December 12-16 
was briefly discussed. 

d. The Executive Board VOTED to in- 
crease the salaries of Mrs. Naomi Garman 
and Mrs. Louise Chambliss $10 per month. 


2. Report of the Treasurer 


The mimeographed pro forma state- 
ment for the current year and the budget 
for next year is attached as Appendix B. 

* Appendices are not presented here since 
most of them will be printed separately as re- 
ports of officers or committees. 
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a. The pro forma statement replaces 
what was previously called the “prelim. 
inary audit.” Outstanding bills or bal- 
ances were not verified by the auditor in 
order to avoid duplication of effort and 
unnecessary expense. The cost of the 
furniture purchased was charged to eur- 
rent expenses instead of to reserve, as 
previously directed by the Executive 
Board, because current income adequately 
exceeded expenditures. The Executive 
Board approved both changes. 

b. A proposed budget for 1955-56, last 
column of Appendix B, was submitted for 
discussion. It was requested that ECAC 
and ECRC study the amounts allocated 
and recommend desirable changes. It was 
understood this budget would need to be 
modified in accordance with the actions 
taken at current Executive Board and 
General Council meetings. 

e. The Chairmen of ECAC and ECRC 
later reported that the proposed budgets 
for their activities were satisfactory, it 
being understood that income from the 
sale of ECRC publications be credited 
to their account. The Executive Board 
recommended approval of the budget to 
the General Council. 

d. The Executive Board VOTED au- 
thorization to the Secretary for the pur- 
chase of window air conditioners for the 
Society’s offices and a rug for the Secre- 
tary’s office. 

e. It was agreed to recommend to the 
General Council that members joining the 
Society after the first of each year have 
their membership and dues start at the 
beginning of the next fiscal year, but that 
they be placed on the mailing list as soon 
as dues are paid and informed that they 
can attend the Annual Meeting. 
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3, Report on ECAC Activities 


The mimeographed report presented is 
attached as Appendix C. 


a. Vice President Everitt explained the 
progress of the work of ECAC in develop- 
ing a plan for administering industrial 
fellowships. It was agreed the proposed 
method of administration and the accept- 
ance of the check from the first sponsor 
be recommended to the General Council 
for approval. 


4, Report on ECRC Activities 


The mimeographed report presented is 
attached as Appendix D. 

a. Vice President H. K. Work ex- 
plained the desire of ECRC to solicit 
funds from the National Science Founda- 
tion to determine the research needs of the 
Engineering Sciences and how the needs 
shall be met. It is estimated that about 
$40,000 is needed for the two-year study. 
Engineers Joint Council «indicated they 
will approve and actively support the 
study and later review the findings. The 
Committee in charge of the study is to 
be E. A. Walker, Ralph Morgen, and E. 
B.Stavely. The Executive Board VOTED 
to recommend favorable action to the 
General Council. A budget is to accom- 
pany the request to the Council. It was 
suggested a set of rules to be prepared to 
guide all new chairmen in procedures to 
follow in the solicitation of funds for 
ASEE projects. 

b. The Executive Board Voted to au- 
thorize ECRC to raise $5000 for the 
establishment of an annual award for re- 
search, the award to be a medal. The 
first award is to be made in 1956, and if 
no fund has been established by then 
current ECRC funds will be used. If the 
award is to bear the name of some individ- 
ual or company, approval of the Execu- 
tive Board must be obtained. 


5. Report on General and Regional 
Activities 


The mimeographed report presented is 
attached as Appendix E. 
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6. Report on Institutional Division 
Activities 
The mimeographed report presented is 
attached as Appendix F. 


7. Evaluation of Engineering Education 


a. Dean L. E. Grinter, Chairman of 
the Committee, read the letter to accom- 
pany submission of the final report on 
Evaluation of Engineering Education to 
the General Council. The Executive 
Board approved and commended Dean 
Grinter and his committee for their excel- 
lent work. 

b. Funds on hand are adequate for 
printing needed copies of the report. It 
was agreed the selling price of reprints 
should be nominal, essentially the same 
as for the Interim Report. 

ce. Money remaining in the fund is not 
ear-marked and could be used to foster 
further contacts with industry. The Re- 
lations With Industry Division appro- 
priately may wish to sponsor one or more 
meetings with representatives from in- 
dustry to discuss the report. 


8. Humanistic-Social Research Project 


a. Dr. E. S. Burdell, Chairman of the 
Committee, reported that progress was 
much greater than expected. <A tentative 
report is to be presented at the Tuesday 
General Session and the final report 
should be available for printing by mid- 
winter. When the report is completed, it 
will be reviewed for comments by liberal 
arts and industrial advisors. It was esti- 
mated that about $9000 remained in the 
fund, sufficient for printing the report. 
It was agreed the final report should be 
published in the JouRNAL OF ENGINEERING 
Epucation in order that it be incorporated 
in the official records of the Society. It 
was further agreed the style of reprints 
available for sale need not be the same 
as the report on Evaluation of Engineer- 
ing Education. The cost of reprints is to 
be determined later, but it was agreed it 
should be low to encourage both single 
and large lot purchases. Of particular 
importance was the enthusiastic reception 
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of the field workers and the “missionary 
work” they were able to perform. 


Note: Item 28C was presented at this 
session but is reported under “Other 
Business.” 


Wednesday, June 22, 1955, 6:30 P.M. 


In addition to all the officers listed for 
the meeting on June 20, M. M. Boring, 
W. T. Alexander, and F. C. Lindvall, 
newly elected officers were present. 


9. Graduate Study Project 


a. The status of the project was re- 
viewed by President Dougherty. It was 
agreed the project should be financed by 
a single grant from a foundation rather 
than by requests to many industries and 
other organizations. President Dougherty 
is to convey this information to Professors 
N. A. Hall and E. Weber and discuss the 
project with them. 


10. Educational Aids 


The Secretary was requested to review 
past correspondence and minutes to deter- 
mine the correctness of placing the income 
from the sale of Educational Aids in the 
general fund of the Society. 


11. Annual Meeting Guide 


Professor John C. Reed reported by 
letter that in accordance with instructions 
from the Secretary he had completed the 
preparation of the Guide and was sub- 
mitting 100 mimeographed copies with the 
recommendation that they be used. The 
report was accepted and the Executive 
Board VOTED to give Professor Reed 
$25 with which to purchase a gift for his 
secretary. It was agreed not to make 
further changes or : (ditions until the 
local committees at Io. .: State and Cor- 
nell and Professor K. LL. Holderman had 
the opportunity to use and review the 


guide. 


12. Summer Institute Program 


a. Plans for the Summer Institute on 
Theoretical Engineering were deferred 
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pending conferences with representatives 
of the National Science Foundation. 


13. Lamme Committee 


The report was accepted and submitted 
to the retiring president for consideration 
in appointing new members of the com- 
mittee. 


14. Summer Schools for 1956 


It was recommended the requests be 
submitted to the General Council for ap- 
proval. 


15. Summer School for YETs 


President Boring presented a proposal 
that each year the host institution of the 
Annual Meeting sponsor a six-week sum- 
mer school for about 50 selected YETs, 
The general objective of the program 
would be good teaching and the develop- 
ment of good teachers. Each YET 4t- 
tending would receive $600-800 and his 
institution would pay the necessary travel 
expenses. The estimated $50,000 required 
to operate each summer school would be 
raised from industry. 


16. Book of Collected Papers on Engi- 
neering Education 


It was agreed the preparation of such 
a book was not within the scope of the 
work of the Society. 


17. San Francisco International Science 
Center 


It was agreed no information would be 
submitted until more information became 
available. 


18. Evaluation of Dutch Engineering 
Education 
It was agreed the matter should be re- 
ferred to EUSEC, and President Boring 
will reply. 
19. AAAS Meeting in Atlanta 
No action was taken on the proposal to 
hold the meeting elsewhere. 
20. AAAS Science Teaching Emergency 


The program was announced for in- 
formation only. 
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9], ASEE Editorial Committee 


It was agreed no appointments should 
be made until after the new Hditor is 
appointed. 


22. Committee on Society Functions 


a. Dean B. R. Teare, Jr., Chairman of 
the Committee presented some of the pro- 
posals being considered for improving the 
Society organization and functioning. 
The Executive Board VOTED to allocate 
$800 to $1000 to the Committee for hold- 
ing a two-day meeting to complete their 
study and prepare a report. 

b. It was agreed to recommend to the 
General Council that the name of the 
Upper New York Section be changed to 
the Upper New York-Ontario Section, 
provided a written request from Toronto 
University (and/or) Queens University is 
received. 


23, Printing Costs 


George W. Farnham, Chairman of the 
Committee, reported that lithographing 
the YEARBOOK would result in no economy 
the first year and some thereafter but not 
enough to warrant a change at this time. 
The study of the cost of printing the 
JourNaL in the South is underway. It 
was agreed the study should continue and 
results presented at a later meeting. 


24. Institutional Membership 


a. Associate—The Executive Board 
elected Frederick Post and Company to 
Associate Institutional Membership. 

b. Active—The Executive Board elected 
Ohio Northern University to Active In- 
stitutional Membership, subject to elec- 
tion by ECAC and ECRC to participate 
in their activities. 


25. Bank Resolutions 


Not presented. 


26, Future Annual Meetings 


The locations and dates for the next 
two years were reviewed. They are as 
follows: 
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Iowa State College....June 25-29, 1956 
L. O. Stewart, General Chairman 
Cornell University....June 17-21, 1957 
J. C. Gebhard, General Chairman 


27. Next Meeting of Executive Board 


It was agreed the next meeting of the 
Executive Board would be at the new 
headquarters of the Society, University 
of Illinois, Urbana, Illinois, September 
10, 1955. 


28. Other Business 


a. It was agreed the report on Degree 
Designations be presented to the General 
Council. 

b. The Executive Board VOTED that 
the President appoint two members to 
serve on a joint EJC-ASEE-ECPD com- 
mittee to plan the annual meeting of the 
Engineers Joint Council. It is to be held 
in late January of 1956 and the theme 
is to be Technical Institutes. The Society 
assumes no financial obligation. 

ce. The Executive Board VOTED to 
grant Dean W. L. Everitt, Secretary W. 
Leighton Collins, and President M. M. 
Boring authority to employ an Editor for 
the JOURNAL OF ENGINEERING EDUCATION. 

d. W. Leighton Collins was reappointed 
Secretary for the year 1955-56. 

e. Dean J. F. D. Smith, Chairman of 
the Relations With Industry Division, 
presented the request received for im- 
mediate action relative to RWI and ASEE 
participation in the IAESTE program for 
bringing students from Western Europe 
to this country to work in industry for 
short periods of time. The degree of en- 
thusiasm for the project varies greatly. 
It was agreed Dean Smith should confer 
with Dean F. M. Dawson to determine the 
extent of the work of the International 
Relations Committee of ECAC and to 
confer with the ECAC Executive Board. 


Respectfully submitted, 
W. LeicgHtTon Cou.ins, 
Secretary 


Minutes of the General Council Meeting 


Pennsylvania State University 
June 20 and 24, 1955 


A meeting of the General Council of the 
American Society for Engineering Educa- 
tion was held in the Parrot Room of the 
Nittany Lion Inn on June 20 and 24, 
1955. Those present on June 20 were: 


EK. E. Ambrosius 
H. H. Armsby 
George F. Branigan 
G. P. Brewington 
C. A. Brown 

F. L. Carnahan 

W. L. Collins 
Glen N. Cox 

H. O. Croft 

N. W. Dougherty 
M. A. Durland 

W. L. Everitt 
George Farnham 
Harold Flinsch 

L. E. Grinter 

F. Groseclose 
Henry Hartig 

S. C. Hollister 
Howard K. Justice 
Frank Kerekes 

L. J. Lassalle 

G. B. Lobingier 
George A. Marston 
Glenn Murphy 
Bert H. Norem 
Ralph Paffenbarger 
H. P. Rodes 
Thorndike Saville 
Rex Schoonover 
John W. Shirley 
P. E. Soneson 

E. B. Stavely 

L. E. Stout 

B. R. Teare, Jr. 

N. D. Thomas 
Robert Van Houten 
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R. E. Vivian 
E. R. Wilcox 
W. R. Woolrich 
H. K. Work 


Those present on June 24 were: 


Alexander, W. T. 
Ambrosius, E. E. 
Armsby, Henry H. 
Dougherty, N. W. 
Borg, Grant H. 
Boring, M. M. 
Branigan, Geo. F. 
Brewington, G. P. 
Brown, C. A. 
Collins, W. L. 
Christensen, N. A. 
Donovan, E. T. 
Dougherty, N. W. 
Durland, M. A. 
Everitt, W. L. 
Farnham, G. W. 
Flinsch, Harold 
Frush, C. O. 
Grinter, L. E. 
Groseclose, F. 
Hellwarth, A. R. 
Jackson, J. L. 
Jones, C. 8. 
Kerekes, Frank 
Lassalle, Leo Jos. 
Marston, G. A. 
Morgen, R. A. 
Murphy, Glenn 
MeNair, Arthur J. 
Paffenbarger, Ralph S. 
Parker, N. A. 
Peery, David J. 
Richardson, L. A. 
Rodes, H. P. 
Saville, Thorndike 
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Schaffner, C. E. 
Schoonover, Rex 
Seeger, R. J. 
Shackleton, S. Paul 
Shirley, John W. 
Stavely, E. B. 
Stillman, Donald G. 
Stout, L. E. 

Teare, B. R., Jr. 
Thomas, Neil D. 
Van Houten, R. W. 
Vivian, R. E. 
Wilcox, E. R. 
Wohlford, J. G. 
Work, H. K. 
Weinberg, Philip 


1. Report of the Secretary 


A copy of the report submitted to the 
Executive Board and made a part of its 
minutes of June 20 and 22, 1955 was dis- 
tributed to all present. 

a. The moving of the Society office to 
the University of Illinois and the arrange- 
nents with the University of Illinois were 
briefly presented. 

b. In accordance with Yearbook figures 
for 1954 and 1955, Individual Member- 
ships have increased from 7095 to 7560. 
Of the 7560, 917 have not paid dues for 
the current year despite receiving three 
dues notices. During the year 250 mem- 
bers resigned and 42 died. Institutional 
Memberships were not actively pushed 
duwing the year, but according to the 
Yearbook the number increased from 96 
to 112; two organizations dropped their 
membership during the year. 

¢. The Council VOTED to approve the 
4 applicants for individual membership 
om List No. 1, attached as Appendix A.* 

d. The Council VOTED to grant life 
membership to 16 members of the Society 
vho met all the constitutional require- 
ments for life membership. The names 
are on page 5 of Appendix B. 

«. The Council VOTED to drop from 
uembership 99 members owing more than 


* Appendices are not presented here since 
ost of them will be printed separately as 
‘ports of officers or committees. 
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two years dues. The list is attached as 
Appendix B. 


2. Report of the Treasurer 


A copy of the report submitted to the 
Executive Board and made a part of its 
minutes of June 20 and 22, 1955 was dis- 
tributed to all present. 

a. Treasurer G. W. Farnham submitted 
the pro forma statement instead of the 
previously used preliminary audit and ex- 
plained the reasons for the change. The 
Council VOTED to approve the change 
and have just one audit made at the end 
of the year by an established firm of ac- 
countants. The audit will be published 
in the Journal. The pro forma statement 
is included in the minutes of the Execu- 
tive Board Meeting for June 20 and 22, 
1955. It was further suggested that con- 
sideration be given to the separation of 
project funds from Society funds so that 
the audit indicates the true condition of 
the Society finances. 

b. A budget for 1955-56 was submitted 
for approval. There were no significant 
departures from last year other than the 
addition of items necessitated by moving 
the Society offices to the University of 
Illinois. It was understood that the pro- 
posed budget did not include expenditures 
approved during the current meetings. 
The Council VOTED to approve the 
budget. The proposed budget for 1955— 
56, the budget for 1954-55, and the pro 
forma income and expense statement are 
attached as Appendix C. 


3. Evaluation of Engineering Education 


a. Dean L. E. Grinter, Chairman of the 
Committee, read a letter submitting the 
final report to the Council for approval 
and requesting the discharge of the Com- 
mittee. He also recommended that (1) 
Any reasonable number of the reports 
be purchased for distribution to industry 
and (2) Any funds left over be made 
available to the Relations With Industry 
Division for holding one or more confer- 
ences between educators and industrial 
representatives to acquaint everyone with 
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the objectives of the report; members of 
the Committee would be available for 
participation in the discussions. 

The Council VOTED to accept the re- 
port and that in conjunction with the ac- 
ceptance, the Society expresses to the 
Chairman, L. E. Grinter, and to the Secre- 
tary, D. H. Pletta, and to the other mem- 
bers of the Committee its gratitude and 
appreciation for the patience, good judg- 
ment and enormous amount of work done 
in carrying to completion a most difficult 
assignment, 

The Council VOTED that the Executive 
Board be empowered to use the balance 
in the fund (approximately $5000) to 
further the aims of the report, particu- 
larly as they pertain to the two recom- 
mendations made by the Chairman. 

b. The opinion was expressed that re- 
prints of the report be sold at a nominal 
price with a considerable reduction for 
large quantity orders, just as was done 
with the Interim Report. 


4. Humanistic-Social Research Project 


a. Dr. E. S. Burdell, Chairman of the 
Committee, and Dr. G. A. Gullette, Di- 
rector of the Project, reported that the 
work had progressed so rapidly that a 
preliminary report was to be presented at 
the Tuesday General Session. 

b. The final report will be available by 
midwinter. It was requested that after 
the report is published members of the 
committee be authorized to attend Section 
meetings to discuss the report and in that 
way spend the remaining funds credited 
to the project. The request was not 
granted; instead, the committee was asked 
to report at the October meeting of the 
Council and present plans for the publica- 
tion of the report and for the visits to 
Sections. 


5. Educational Aids 


a. In accordance with the recommenda- 
tions of C. W. Muhlenbruch, contained in 
a letter to the Secretary, the Council 
VOTED to discharge the Committee, but 
agreed to appoint a new one when de- 
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mand and interest indicated a revision o 
a need for expansion into other fields of 
engineering. The Council commends My 
Muhlenbruch for the great amount ¢ 
time he devoted to the project and thank 
him, and those on the Committee, for their 
fine work. 

b. The balance of approximately $200) 
in the fund is to be held intact for futur 
use of a similar nature and for reprinting 
the current booklet. It was agreed th 
Executive Board should study the basi 
for the contributions from industry to &. 
termine the correctness of placing the ir. 
come from the sales of the booklet inty 
the general fund of the Society, as is dow 
with income from the sale of all othe 
publications. 


6. Graduate Study Project 


a. N. A. Christensen, Chairman of th 
Committee, submitted a written report 
a copy of which is attached hereto s 
Appendix D. The activities of the Cor 
mittee at the Annual Meeting and its fi 
ture plans were outlined. Presidat 
Dougherty also reviewed the past rk 
tions with the Executive Board. Pr 
posals for financing, and the duplicatia 
of effort with ECAC’s program for I 
dustrial Fellowships were discussed. I 
was agreed the Graduate Study Divisia 
invite the ECAC committee to join iti 
the study of their mutual problem. 

b. The estimated cost of the project i 
$15,000. The fund is to be expended ft 
travel to two meetings each year and fr 
printing of the report. Five subcommi: 


tees are to study the five specific topis 
A detailed budget was not submitted, bi 
was requested. The Council approved ti 
study in principle and VOTED to ret 
the entire matter to the Executive Bom 
with power to act. 


7. Summer Institute Program 


a. The Secretary reported that pla 
were progressing for the publication @ 
the reports for all Summer Institulé 
sponsored jointly: by NSF and 
The reports of the closed conferences # 
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Mechanics, Electricity and Magnetism, 
and Thermodynamics have been published 
in the JOURNAL OF ENGINEERING 
EDUCATION. It must be recognized 
that all these institutes were jointly 
sponsored by NSF and ASEE and that 
NSF financed all of the closed confer- 
ences. 

b. The conferences on Theoretical En- 
gineering were not discussed at a General 
Session because of the need for additional 
joint planning with NSF. 


8, Resolutions to Officers, Divisions, Com- 
mittees, and Schools Responsible for 
ASEE Summer Schools and Confer- 
ences 


The Council VOTED that the Secretary 
write a letter of appreciation to the of- 
fieers of the divisions and committees and 
schools responsible for the 1955 Summer 
Schools and Conference. 


9, Report of ECAC Activities 


Copies of the report submitted to the 
Executive Board and made a part of its 
minutes of June 20 and 22, 1955 were dis- 
tributed to all present. 

Dean W. L. Everitt, Vice President and 
Chairman of ECAC, presented the plans 
developed for administering the three in- 
dustrial fellowships offered by Leeds and 
Northrup, one each in Electrical, Mechan- 
ieal, and Chemical Engineering. The plan 
proposed for a trial operation was for the 
Committee to select schools offering the 
Ph.D. degree and send each a letter asking 
if they would be interested in having a 
fellowship. The committee would then 
determine, by “scientific selection by ran- 
dom number” which school would receive 
the fellowship. In this way the concen- 
tration of fellowships at a few large in- 
stitutions would be avoided. The Council 
was requested to authorize ECAC to (a) 
Accept $3000 from Leeds and Northrup 
for an initial award for 1956, $6000 for 
two fellowships in 1957, and $9000 for 
three in 1958; and (b) Select schools the 
students could attend and to select from 
among them, by random number, the 
school to receive the grant. 


MINUTES OF GENERAL COUNCIL 


297 


In the lengthy discussion which fol- 
lowed, it was brought out that last year’s 
Executive Board authorized Dean Everitt 
to proceed with the negotiations and de- 
velop a plan. The plan was developed 
and presented to the Council in detail. 
Doubt was expressed about this being an 
appropriate area of endeavor for ASEE; 
constitutional and legal aspects to the 
question were raised : The Council VOTED 
that the President appoint an ad hoe com- 
mittee to make a further study of the 
problem and present it to the Council at 
its next meeting, the study to include fel- 
lowship problems besetting institutions. 
Dean Everitt was instructed to request 
the courtesy of holding the check for 
$3000 until the Council comes to a firm 
decision. 


10. Report of ECRC Activities 


Copies of the report submitted to the 
Executive Board and made a part of its 
minutes of June 20 and 22, 1955 were dis- 
tributed to all present. 

Dr. H. K. Work, Vice President and 
Chairman of ECRC, stated the Review of 
Current Research would be available in 
July and that the book on “Creativity In 
Research” is progressing. Also, the com- 
mittee on Research Administration is 
making a study of overhead costs, how re- 
search personnel are handled with respect 
to tenure, ete. 

The desirability of establishing an 
ECRC award, consisting of a gold medal, 
for outstanding research was presented. 
It was proposed that outside funds be 
obtained, but if none were available in 
time for the 1956 award, the needed 
money was to come from the ECRC re- 
serve. The Council VOTED to approve 
the establishment of such an award. 

Dr. Work presented the recommenda- 
tion of the Executive Board that, “Funds 
be solicited from the National Science 
Foundation to determine the research 
needs of the Engineering Sciences and 
how the needs shall be met.” About $40,- 
000 is needed for the two-year study which 
is to be an ASEE project directed by 
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the personnel of ECRC. The proposed 
budget is attached hereto as Appendix E. 


ll. Report of Divisions and Committees 


a. Ethics. Dean C. J. Freund, Chair- 
man of the Committee, reported that work 
is progressing toward a future prepara- 
tion of a manual which would be in the 
nature of a ease book illustrating the 
Canons of Ethics. A written report was 
submitted and a copy is attached as 
Appendix F. 

b. YET. Professor P. Weinburg, Chair- 
man of the Committee submitted a written 
report, a copy of which is submitted as 
Appendix G. In the discussion it was 
agreed the YETs will again conduct a 
membership campaign, including phys- 
icists as well as other groups not falling 
into the engineering curricula category, 
but which are involved in the teaching of 
engineers and which are represented in 
ASEE. It was further agreed the Pres- 
ident should aid the YETs by extending 
a personal letter of invitation to join. 

The Council VOTED to implement Rec- 
ommendation No. 5 of the Report by au- 
thorizing the President to appoint a com- 
mittee to study the question of having 
summer schools, planned by the Educa- 
tional Methods Division and CYET, pre- 
ceding the Annual Meetings and having 
a theme stressing pedogogical matters. 

ce. Atomic Energy Education. Chair- 
man P. N. Powers submitted a written 
report attached hereto as Appendix H. 
Mr. Powers requested that his committee 
be authorized to make a comprehensive 
study to follow the pattern of Evaluation 
of Engineering Education. Finances 
would need to be adequate to permit the 
committee and the necessary sub-commit- 
tees to meet as required and to permit 
visits to engineering colleges. The gen- 
eral areas of study would be: 


(1) Immediate and future requirements 
for men with training in the nu- 
clear field. 

(2) Undergraduate, graduate, and spe- 
cial programs to aid in the de- 
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velopment of engineers in the np. 
clear field. 

(3) The part colleges and universities 
should play. 

(4) The long-term role of training pro. 
grams in Government Laboratories 
such as Argonne and Oak Ridge, 


The study group would cooperate with 
other agencies such as the Atomic Energy 
Commission, colleges and universities of. 
fering programs in nuclear engineering, 
industrial organizations, EJC, ete. The 
estimated budget is $20,000. The Council 
VOTED to endorse the proposed study, 
authorize the committee to proceed with 
its plans, and authorize the Society to 
lend its support to the procuring of funds, 

d. Honorary Membership. No report. 

e. Constitution and By-Laws. Chair. 
man H. O. Croft presented a written re 
port to all present outlining changes in 
Article II, Section 2, 3, 5, and 6. The 
report is attached hereto as Appendix I. 
The Council VOTED unanimously to ap- 
prove the changes as contained in the 
report. It was agreed the changes he 
submitted immediately for ECAC and 
ECRC approval. 

The Committee recommended no changes 
in regard to: 


(1) Article IX, Section 3. “Papers 
and discussions presented before 
Sections or Branches shall be the 
property of the Society ...” 

Article II, Section 4. “A member 

in good standing may become a life 

member, ... by a single payment 
of an amount equal to twenty times 
the annual dues for members. 

Such payments ... shall be placed 

in a separate fund known as the 

Life Membership Fund... .” 


(2) 


The Council VOTED to appoint an ad hoe 
committee to study the problem of owner- 
ship of papers as stated in (1) above and 
report to the Council at its next meeting. 

f. Society Functions. The Counel 
VOTED approval of the Executive 
Board’s recommendation that the name 
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and boundaries of the Upper New York 
Section be changed to Upper New York- 
Ontario Section so as to include the Uni- 
versity of Toronto and Queen’s University. 

Dean B. R. Teare, Jr., Chairman of 
the Committee, outlined some of the ques- 
tions being considered by his committee 
and stated he hoped agreements could be 
reached at a special two-day meeting to 
beheld during the Summer. The Council 
VOTED approval to the addition of $1000 
to the budget to finance the special meet- 
ing. 

g. Technical Institute Division. C. J. 
Jones, Chairman of the Division, pre- 
sented the need for a book telling of the 
work of the technical institute and the 
place of its graduates in industry. A. L. 
Williston wishes to make an initial gift 
to the Society of securities, valued at 
$6000 but to be sold by the Society, for 
defraying expenses involved in preparing 
the book. It was further suggested that 
acommittee be appointed to prepare the 
book, that the Society administer the 
funds in a manner similar to that followed 
for other projects, and that the copyright 
be in the name of the Society. The Coun- 
tl VOTED to approve the appointment 
of a committee by the President, to accept 
the securities presented for conversion 
to cash, and that the committee be reim- 
bursed for its expenses in accordance with 
the established practice of the Society. 

h. Degree Designations. In the absence 
of the Chairman, H. P. Rhodes read the 
report. Since the portions dealing with 
Honorary Doctorates and Associate de- 
grees for Technical Institutes were not 
clear, the Council VOTED to receive the 
report and refer it back to the Committee 
for clarification and resubmission to the 
Council at its next meeting. 

i. Financial Policy. Dean W. R. Wool- 
rich, Chairman of the Committee, sub- 
mitted a written report, a copy being at- 
tached hereto as Appendix J. The Coun- 
cil VOTED that the report be filed. 


12. Annual Meeting Guide 


The Secretary reported that Professor 
J. C. Reed had submitted 100 mimeo- 
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graphed copies and that copies were be- 
ing made available to Annual Committee 
members at Iowa State and Cornell. 


13. EJC Constitution Changes 


The Executive Board recommended to 
the Council that the changes be approved. 
The Council VOTED to approve the 
amendments as previously passed by other 
constituent societies. 


14. ECPD Membership for NSPE 


There seemed to be some confusion re- 
garding ASEE action. Since a committee 
is now studying the problem of enlarging 
ECPD, it was agreed the Council should 
await the report of the committee. 

After this action President Dougherty 
reviewed past minutes of the Executive 
Board and reported on June 24 that a 
resolution was passed recommending ex- 
tending an invitation to NSPE providing 
necessary approval was met, meaning that 
the invitation was not to be extended un- 
less approved by the various Societies 
which are members. The Council VOTED 
to concur in the recommendation of the 
Executive Board. 


15. Future Annual Meetings 


The Secretary reported the following 
location and dates for future Annual 
Meetings: 


1956 Iowa State........ June 25-29 
NOG? June 17-21 


16. Other Business 


a. Report on General and Regional Ac- 
tivities. Vice President B. R. Teare, Jr., 
briefly reported and stated the general 
position of the Sections was good, but that 
there was a real need for continuity of 
programming between Section Meetings 
and the Annual Meetings. Copies of his 
report to the Executive Board, and at- 
tached to its minutes of June 20, 1955 as 
an Appendix, were distributed to all 
present. 

b. Report on Instructional Division Ac- 
tivities. Vice President L. J. Lassalle dis- 


= 
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tributed copies of his report to the Execu- 
tive Board, and attached the minutes of 
June 20, 1955, as an Appendix, to all 
present. 

ce. AAAS Science Teaching Emergency 
Program. J. A. Behnke, Associate Ad- 
ministrative Secretary of AAAS made 
an appeal for help in recruiting teachers 
for high schools, because better teaching 
of science and mathematics there directly 
influences the work of colleges of engineer- 
ing. Of particular interest is the group of 
students dropping out of engineering and 
entering some other area of study. The 
7-point program for improving science 
teaching was briefly outlined and a plea 
was made for suggestions and help in 
making their 3-year plan effective. The 
Carnegie Foundation is contributing $300,- 
000 to put the program into effect. 

d. Summer Schools for 1956. The 
Council VOTED to approve the requests 
for Summer Schools received from: 


Mechanics Division 
Humanistie-Social Division 
Engineering Drawing Division 
Civil Engineering Division 


Approval of the host institution, Iowa 
State College is also a requirement for the 
holding of a Summer School. 

e. Professor A. J. MeNair, Chairman 
of the Civil Engineering Division, re- 
quested approval of a joint membership 
committee for purposes of certification of 
Sanitary Engineers in cooperation with: 


American Society of Civil Engineers 

(The sponsoring and financing organiza. 
tion) 

American Public Health Association 

American Water Works Association 

Federation of Sewage and Industrial 
Wastes Association. 


The Council VOTED authority to the 
President to appoint one to three men. 
bers to the committee. 

f. Henry S. Jacoby. President Dong. 
herty stated Henry S. Jacoby, our oldest 
living past president, was one hundred 
years old. The Council VOTED that the 
Secretary send him a telegram of con- 
gratulations and extend the best wishes of 
the Society. 

g. Resolutions. Dr. H. H. Armsby, 
Chairman of the Resolutions Committee, 
submitted a copy of the resolution pre 
sented at the Annual Banquet. A copy is 
attached as Appendix K. 


17. Next Meeting 


The Council VOTED that the next 
meeting be with the meeting of the As 
sociation of Land Grant Colleges and 
Universities being held at Michigan State 
on November 15, 16, and 17. The Seere- 
tary is to work out the details of time and 
place. 


18. The meeting finally adjourned. 


Respectfully submitted, 
W. Leiguton CoLuins, 
Secretary 


Marquette College-Industry Conference 


A College-Industry Conference will be held at Marquette University, January 25 
and 26 to help celebrate the 75th anniversary of Marquette University. The theme 
of the meeting will be “The Humanistic-Social Approach as an Aid to Engineering.” 
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Contributed by CYET 
JoHN L. ARTLEY, Chairman 
Duke University 


for the young engineering teacher 


Editor of YET-itudes 
LEE HARRISBERGER 
N. C. State College 


A Higher Degree YET! 


By MERL BAKER 


Professor of Mechanical Engineering, University of Kentucky 


The young teacher in engineering may 
ponder the potential value that a thirty 
minute reading knowledge. of German or 
French would be to his class room teach- 
ing. The value of advanced mathematics 
in teaching an elementary course in heat 
power or theoretical physics for machine 
design may seem ridiculous. Some rea- 
son that the requirements of the Ph.D. 
are predominantly research and hours of 
midnight work, and that the training con- 
tributes little to a person’s ability to teach 
undergraduate classes. It is true that 
some individuals have “died from the 
shoulders up” after receiving the Ph.D. 
and it becomes void of intellectual integ- 
rity and serves only as an asset to stimu- 
late undeserved promotions and recogni- 
tions. Obviously, these individuals do not 
use the degree to the advantage of their 
students. 

When or if a clear understanding of 
how a student learns is gained, the 


*“VET-itudes’’ is devoted to informing 
the Society of the needs, pleads, and deeds 
of the young engineering teacher. The po- 
tential of ASEE lies with the young engi- 
neering teacher. The CYET feels you should 


be informed of how much ‘‘fire is in the 
furnaee.?? 
YET-itudes! 


Not Platitudes! 


jor 


teacher becomes immediately aware of 
the fact that teaching is far more than 
lecturing, grading papers and giving ex- 
aminations. The teacher must partici- 
pate in some type of personal creative 
activity if he is to motivate his students, 
which might be writing, research, coun- 
selling, curriculum improvement, or com- 
mittee activities. The pursuance of ad- 
vanced degrees, especially the Ph.D., 
affords an excellent opportunity for in- 
dividual creativity and for this reason, 
work associated with earning the degree 
will contribute immeasurably to good 
teaching. 

Some younger teachers are discouraged 
from seeking advanced degrees because 
of the “decaying sap” progressively ob- 
served in some holders of the degree; 
others feel that they had rather “hear 
themselves lecture” than to be exposed to 
(and indoctrinated with) the thoughts of 
someone else (the skeptic), while prob- 
ably by far the larger portion appreciate 
the value of the degree and are capable 
of earning it, but do not have the finan- 
cial resources for pursuance (the realist). 
This obstacle can be minimized. 

The July 1955 Quarterly Report of 
the Carnegie Corporation has an excel- 
lent report entitled “Wanted: Teachers 
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and Scholars.” It is one thing to teach 
and another to teach well. This report 
discusses the Woodrow Wilson Fellow- 
ship Program in the humanities and so- 
cial sciences. Fellowships-are provided 
on a competitive basis for B.S. graduates 
desiring to follow teaching as a profes- 
sion. The program is supported by con- 
tributions from graduate schools and 
foundations. 

Why not an effective fellowship plan 
for our young engineering teachers? 
There is much evidence to support such 
a plan as an effective way to improve 
the quality of engineering education. 

Who should support the program fi- 
nancially? As industry profits most 
from well qualified engineering gradu- 
ates, its support of a fellowship pro- 
gram would seem to be a good investment 
and not merely a contribution. The em- 
ployer institution should consider its gain 
by supplementing the individual’s stipend 
through leaves of absence with part pay. 
In addition such a plan should fit into 
the program of educational foundations. 
Does the young engineering teacher have 


time to pursue advanced degrees if he 
were awarded a fellowship? By working 
full time on the degree, the time required 
will be greatly reduced over that required 
were he to earn a living, allowing him to 
return to his job in a reasonable time, 

An active program to assist our many 
capable young engineering teachers to 
pursue graduate work, should pay rich 
dividends in retaining an adequate nun. 
ber of teachers in the engineering schools 
in addition to improving the quality of 
teaching. The program must be initiated 
on a local basis by individual institutions 
or collectively by ASEE. Educational 
programs initiated and supported by a 
particular industry for its employees 
would not meet the need. Too many 
young teachers would fail to return to 
the class room after “grazing on the 
green pastures of industry.” 

Let’s seek better future engineering 
graduates by helping our teachers nov. 


* 


Here is your November YET-itude: 
It takes one to train one. 


W. E. STREE' 
LI. Hut, 
H. P. SkaMs 

Secretary-1 
T. T. AAKHt 
R. S. PAFFE? 
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In the January, 1955, issue of the Jour- 
nal of Engineering Education, an article 
appears entitled “ECPD Accreditation of 
Fringe Curricula” which contains more 
than the title suggests. Included in this 
article are rather specific recommendations 
for the accreditation of “major” curricula. 
There is no mention in these recommenda- 
tions of the expected role of engineering 
graphics (or engineering drawing, if you 
prefer) in the curriculum of the future. 
If we are to educate only pure scientists 
this omission is understandable, though 
regrettable. If, however, we are to edu- 
eate engineers the situation may be much 
more serious. To remedy this, I suggest 
that engineering graphics be listed by the 
ECPD as one of the engineering sciences 
basie to engineering education. 

Let us examine the requirements recom- 
mended by the ECPD for accreditation of 
“major” curricula. Summarizing very 
briefly, and taking some small liberties 
with the text, a “major” curriculum shall 
be recommended for accreditation when it 
neets the following criteria : 


1. One year devoted to mathematics and 
basic sciences, equally divided. 

2. One year devoted to engineering sci- 
ences, including at least six of the fol- 
lowing: staties; dynamics; strength 
of materials; fluid flow; heat flow; 
thermodynamics; electrical circuits, 
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Is Engineering Graphics a Science? 
By MATTHEW McNEARY 


Professor of Engineering Graphics, University of Maine 


fields, and electronics; engineering 
materials; physical metallurgy. 

3. One-half year devoted to engineering 
analysis, design and engineering sys- 
tems. 

4. An appropriate portion (usually 
about three-fourths of a year) de- 
voted to humanistic and social studies. 


Adding up the years required for the 
foregoing items, we find that three and 
one-fourth of the four years are consumed, 
and no mention of engineering graphics. 
This leaves three-fourths of a year for 
courses which cannot find a place in the 
listed categories. Competition will be keen 
among specialized and applied courses for 
this space. It is vital for engineering edu- 
cation that engineering graphics, a subject 
used by all engineers in one form or an- 
other, not be forced to find its place 
among the miscellany of college offerings. 
To accomplish this, engineering graphics 
should be recognized as a science. 

The matter of determining one’s posi- 
tion in this scheme of things is largely a. 
matter of semantics, the meaning of words. 
What is a science? Webster’s Unabridged 
Dictionary gives the following definitions 
of the word “science”: 


1. Knowledge; knowledge of principles 
or facts. 
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2. Specific, accumulated and accepted 
knowledge which has been system- 
atized and formulated with reference 
to the discovery of general truths or 
the operation of general laws; 
knowledge classified and made avail- 
able in work, life, or the search for 
truth; comprehensive, profound, or 
philosophical knowledge. 

3. Especially such knowledge when it 
relates to the physical world and its 
phenomena. 

4. Any branch or department of sys- 
temized knowledge considered as a 
distinct field of investigation or ob- 
ject of study. 

5. Art or skill regarded as the result of 
knowledge of laws and principles. 


Not one of these definitions could be 
construed so as to exclude engineering 
graphics from the sciences. The fact that 
we teach some technique does not make us 
different from the basic sciences which use 
laboratory instruction in part. In phys- 
ics, for instance, there is laboratory in- 
struction in measurement, and it is rea- 
sonably sure that the student is not told 
that he may use the micrometer carelessly 
or write a slip-shod report for fear that he 
may become a technician. The teaching 
of technique, or teaching by the labora- 
tory method, does not preclude a subject 
from being a science. 

Surely engineering graphics teaches a 
body of “accumulated and accepted knowl- 
edge which has been systematized and 
formulated with reference to the discovery 
of general truths or the operation of gen- 
eral laws.” Orthographic projection en- 
ables the engineer to represent three-di- 
mensional objects on the two-dimensional 
surface of a sheet of paper. As a means 
of communication and a vehicle for design 
it has made possible much of the technical 
progress that has been made and will be 
made. The principles of projection have 
been accumulated, accepted, systematized, 


and formulated since the beginning of the 
nineteenth century, and the general lays 
of this phase of graphics are used daily by 
most engineers, particularly those who are 
engaged in creative work. It should he 
kept in mind that orthographic projec. 
tion is used not only for delineation, but 
also for spatial problem-solving as an ad- 
junct, and frequently a superior method, 
to numerical calculation. As taught by 
a progressive graphics department, engi- 
neering graphics is a rigorous discipline 
and a creative experience for the young 
engineering student. 

Only those who judge subjects by long 
past experience and who neglect to in- 
quire into what is being taught today fail 
to realize that the nature of engineering 
graphics instruction has changed radically 
in the last twenty years. How many engi- 
neering educators who are busy in other 
fields know that the descriptive geometry 
of the present day is far different and 
more useful than the subject they once 
learned? Are they aware that technique, 
while not neglected, is not emphasized to 
the time-consuming extent that it one 
was? Do they know that graphical mathe- 
matics is under continual investigation 
and is being taught in many of our cdl- 
leges in basic graphics courses? Few 
fields of study can take comparable pride 
in their achievement and progress. 

To sum up, engineering graphics is a 
fundamental, long-established, and grow- 
ing science,—an engineering science 
worthy in importance to stand beside sub- 
jects such as strength of materials, fluid 
flow, physical metallurgy, ete., which are 
now in the ECPD list. If engineering 
education is to continue to be well- 
grounded, and creativeness to be encour- 
aged, it should appear on the ECPD list 
under “Engineering Sciences.” (Notice 
of the Mid-Winter Meeting of the Engi- 
neering Drawing Division may be found 
on page 235. 
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INSTRUCTOR OR ASSISTANT PROFES- 
wr of Engineering to teach Mechanical 
Drawing and Plane Surveying at a branch 
college of the University of Virginia. Rank 
and salary dependent upon education and 
experience. Apply Dean of. Engineering, 
Thornton Hall, University of Virginia, 
Charlottesville, Va. 


INSTRUCTOR OR ASSISTANT PRO- 
fessor of Civil Engineering. Teaching ex- 
perience desirable but not necessary. B.S. 
o MS. in Civil Engineering required. 
Salary and academic rank commensurate 
with degree and experience. Contact Civil 
Engineering Department, University of Den- 
ver, Denver 10, Colorado. 


PROFESSOR (ASSISTANT, ASSOCIATE, 
or full rank). Candidate should have M.S. 
degree; experience with High Frequency 
very desirable. Teaching Assignments: 
Basie Electronics, Communications and 
fundamental electrical engineering courses. 
Rank and salary will depend upon experi- 
ee and training. School located on a 
large campus in Northwestern Detroit. Co- 
operative program. Position open for term 
starting either November 20, 1955, or Feb- 
tuary 21, 1956. NOV-1 


SIAFF OPENINGS IN CIVIL ELEC- 
trieal, and Mechanical Engineering; MS or 
PhD’s desired. Salaries commensurate with 
qualifications. College of Engineering, 
Duke University, Durham, North Carolina. 
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Teaching Positions Available 


General Council of the ASEE: 


The privilege of advertising for teaching positions is extended only to colleges and 


or Affiliate Institutional Members of the 


ASEE. Advertisements must be for positions available only. No advertisements will 


Advertisements must be submitted not later than the first day of the month pre- 
Because of limited staff, the ASEE headquarters cannot 


information about jobs. In replying to 


blind ads, address letters to American Society for Engineering Education, University of 
Illinois, Urbana, Illinois and give blind ad number. Information and rates for advertis- 


ASEE Headquarters. In order to conserve 
reserved to rearrange advertisements. 


ASSISTANT PROFS. OF MECH. ENGR. 
organize and teach courses in production 
processes, thermo. or drawing and design. 
3 positions open Feb. 1. M.S. degree re- 
quired. New building and equipment; good 
salary schedule. Write: Engr. Dept., San 
Jose State College, San Jose, Calif. 


ELECTRICAL ENGINEERING POSI- 
tion to teach undergraduate courses. Ph.D. 
preferred, M.S. acceptable. Opportunity for 
graduate study, industrial consulting or re- 
search. Rank and salary open. Start Feb- 
ruary or September 1956. University of 
Santa Clara, Santa Clara, California. 


ENGINEERING FACULTY OPPORTU- 
nity at midwest state college. The Chair- 
man in the Physics Department, salary 
open. Electrical Engineering Instructor or 
Assistant Professor in the Power field. 
Mechanical Engineering Instructor or As- 
sistant Professor in Physics. Opportunity 
for graduate study. Housing available. 
Positions start September, 1956. NOV.-2 


ASSISTANT PROFESSOR AND _ IN- 
structor at small midwest engineering col- 
lege in the Civil Engineering Department. 
Positions for spring or fall semester, 1956. 
Assistant professor must have special train- 
ing or experience in sanitary engineering. 
Must have broad interests as applied me- 
chanics and strength of materials as well 
as civil engineering are taught. Oppor- 
tunity for graduate study at nearby uni- 
versity. NOV-3 
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New Members 


ARNBAL, CARL ANTON, Assistant Professor 
of Engineering Drawing, Iowa State Col- 
lege, Ames, Iowa. James S. Rising, M. 
W. Almfeldt. 

BAKER, JR., CARY FoRNEY, Editor, Technical 
Education Department, McGraw-Hill Book 
Company, Ine., New York, New York. 
Jeanne I. Miller, H. Walter Shaw. 

BAKER, PERLEY D., Dean of Norwich Uni- 
versity, Northfield, Vermont. W. Leigh- 
ton Collins, T. J. Dolan. 

Bosco,.RIcHARD PHILLIP, Instructor of Me- 
chanical Engineering, Colorado School of 
Mines, Golden, Colorado. Albert L. Gos- 
man, Hilbert F. Fletcher. 

BoypD, JAMES STERLING, Associate Professor 
of Agricultural Engineering, Michigan 
State University, East Lansing, Mich. 
Carl F. Albrecht, Chester J. Mackson. 

Bryant, P. JoHN, Editor, General Motors 
Engineering Journal, General Motors Cor- 
poration, Detroit, Mich. Kenneth A. 
Meade, J. C. McElhany. 

BurKE, Patrick Earu, Lecturer in Electri- 
cal Engineering, University of Toronto, 
Toronto, Ontario, Canada. Adam J. 
Kravetz, Gordon F. Tracy. 

CLELAND, SAM M., Associate Professor of 
Engineering, A. & M. College of Texas, 
College Station, Texas. W. E. Street, 
John P. Oliver. 

DaRLING, RAYMOND O., Associate Editor, 


General Motors Engineering Journal, 
General Motors Corporation, Detroit, 
Michigan. Kenneth A. Meade, J. C. 
McElhany. 


EssLER, WARREN ORVEL, Instructor in Elec- 
trical Engineering, South Dakota State 
College, College Station, South Dakota. 
K. F. Lindley, William J. Streib. 

Fir£, JOHN PREsTLEY, Head of Humanities, 
Stevens Institute of Technology, Hoboken, 
N. J. Jess Harrison Davis, Lynn Merrill. 

Foster, FRANKLIN LeRoy, Director of Divi- 
sion of Industrial Cooperation, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. Arthur L. Townsend, Carl 
L. Svenson. 

FROSLIE, Harotp M., Head of Physics De- 
partment, Acting Engineering Dean, 
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South Dakota State College, College Sts. 
tion, Brookings, South Dakota. Emory 
E. Johnson, Lee L. Amidon. 

GARY, JAMES HvuBERT, Assistant Profegso; 
of Chemical Engineering, University of 
Virginia, Charlottesville, Va. Lawrene 
R. Quarles, Orville R. Harris. 

GLENN, CARROLL J., Executive Assistant to 
the Deans, St. Louis University of Teeh- 
nology, Saint Louis, Mo. Ross R. Hein 
rich, James B. Macelwane. 

GOLDSTEIN, IRvING RoBERT, Associate Pro. 
fessor of Management Engineering, Nev. 
ark College of Engineering, Newark, Nev 
Jersey. Olive J. Sizelove, William J, 
Jaffe. 

GoMBERG, HENRY JAcoB, Professor of Nv 
clear and Electrical Engineering, Uti- 


versity of Michigan, Ann Arbor, Mich 


igan. W. J. Emmons, George G. Brow. 

GRANT, Leroy FRASER, Field Secretary, 
Engineering Institute of Canada, Kings 
ton, Ontario, Canada. Maynard M. Bor 
ing, Thorndike Saville. 

HANKINSON, GEORGE WILLIAM, Associate 
Professor in Civil Engineering, North 
eastern University, Boston, Mass. Enil 
A. Gramstorff, W. T. Alexander. 

Hipsu, Harowp M., Professor and Head of 
Aeronautical Engineering, The Pennsyl- 
vania State University, University Park, 
Pa. Gerald K. Gillian, Jerome Steffen. 

Horvik, E1vinp, Acting Head of Physic 
Department, North Dakota State College, 
Fargo, North Dakota. Frank C. Mirgait, 
Robert N. Faiman. 

Huane, EvGENE YucuHine, Research Assist 
ant Professor of Civil Engineering, Uni 
versity of Illinois, Urbana, Illinois. Ellis 
Danner, Thomas C. Shedd. 

Hupson, Jack L., Co-ordinator, College Co 
op Training in the Technical Training 
Department, Chrysler Corporation, De 
troit, Michigan. Donald C. Hunt, Earl ¢. 
Flarity. 

JACKSON, JR., CHARLES ORLAND, Engineer 
ing Professor Placement Representative, 
Ford Motor Company, Dearborn, Mic 
igan. Arthur L. Townsend, Carl L. Sve 
son. 
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NEW MEMBERS 


Kerr, RoBERT B., Instructor in Electrical 
Engineering, Johns Hopkins University, 
Baltimore, Md. John L. Artley, Robert 
H. Roy. 

Kommit, DANIEL L., Instructor in Mechan- 
ical Engineering, New York University, 
New York, N. Y. Austin H. Church, 
Fred H. Posser. 

LABENSKI, JOHN JOSEPH, Associate Profes- 
sor Ordnance Research Laboratory, The 
Pennsylvania State University, University 
Park, Pa. Arnold Addison, Edward J. 
Tracey, Jr. 

LANGSAM, WALTER CONSUELO, President of 
the University of Cincinnati, Cincinnati, 
Ohio. C. A. Joerger, H. K. Justice. 

LagKIN, WILLIAM HARRISON, Engineer, Air 
Preheater Corporation, New York, N. Y. 
Newell L. Freeman, N. 8S. Hibshman. 

Manz, OscaR Ernest, Assistant Professor 
of Geology, University of North Dakota, 
Grand Forks, North Dakota. E. L. Lium, 
Robert J. McFarlin. 

MosiLLo, FRANCIS ANTHONY, Instructor in 
General Engineering Drawing, University 
of Illinois (Chicago, Navy Pier), Chicago, 
Illinois. E. J. Caldario, M. V. J. Dembski. 

Quiver, JAMES H., Commercial Engineer, 
User Industries Sales General Electric 
Company, Schenectady, N. Y. W. H. 
Branch, D. Lee Chestnut. 

CHARLES EvuGENE, Instructor of 
Mathematics, University of Illinois, Chi- 
cago Branch, Chicago, Illinois. L. N. 
Blair, M. V. J. Dembski. 

PaaPE, CHARLES WILLIAM, Associate Pro- 
fessor of History, Carnegie Institute of 
Technology, Pittsburgh, Pa. W. Leighton 
Collins, T. J. Dolan. 

Perers, RALPH EpwakbD, Aeronautical En- 
gineering Coordinator, University of Cin- 
cinnati, Cincinnati, Ohio. H. C. Mes- 
singer, Bradley Jones. 

THOBURN FINDLEY, Assistant 
Professor of Engineering Drawing, Uni- 
versity of North Dakota, Grand Forks, 
North Dakota. 

RoHSENOW, WARREN M., Associate Profes- 
sor of Mechanical Engineering, Massa- 
chusetts Institute of Technology, Cam- 
bridge, Mass. Bonnie-Blanche Schoon- 
over, Arthur L. Townsend. 

Ross, C. Hupson, Associate Professor, Clark- 
son College, Potsdam, N. Y. W. H. Alli- 
son, Charles N. Henshaw. 

Linpon E., Regional Manager-Head- 
quarters Recruiting, General Electric Co. 
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—Bldg. 69, Schenectady, New York. W. 
Scott Hill, Henry G. Hutton. 

Seip, RoBert BERNARD, Instructor of Engi- 
neering Drawing and Descriptice Geom- 
etry, Queens College, Flushing, New York. 
L. O. Johnson, Irwin Wladaver. 

Stinson, JAMES R., Instructor in Geophysics 
and Geophysical Engineering, St. Louis 
University Institute of Technology, Saint 
Louis, Missouri. Ross R. Heinrich, James 
B. Macelwane. 

SturRocK, WALTER, Illuminating Engineer 
—Large Lamp, General Electric Company, 
Cleveland, Ohio. M. M. Boring, Russell C. 
Putnam. 

TINETTI, GEORGE KENYON, Machine Shop, 
General Motors Institute, Flint, Michigan. 
C. L. Fanning, F. L. Mackin. 

TINKER, ROBERT NoRMAN, Assistant Profes- 
sor of Engineering Drawing, Rose Poly- 
technie Institute, Terre Haute, Indiana. 
Ralph M. Ross, Herman A. Moench. 

VANNAH, SHERMAN, Associate Professor of 
Mechanical Engineering, Tufts University 
Medford, Massachusetts. Kenneth N. 
Astill, Edgar MacNaughton. 

VONDERLAGE, FRED C., Director, Oak Ridge 
School of Reactor Technology, Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 
W. Leighton Collins, Maynard M. Boring. 

Walines, RussELL Tasot, Assistant Pro- 
fessor of Mechanical Engineering, Uni- 
versity of Toronto, Toronto, Ontario, 
Canada. Irvine W. Smith, W. G. McIn- 
tosh. 

Wane, SHovu-Line, Assistant Professor of 
Civil Engineering, Clarkson College of 
Technology, Potsdam, New York. W. H. 
Allison, Preston W. Smith. 

GeEorGe Louis, Instructor of 
Physics, Newark College of Engineering, 
Newark, New Jersey. Thomas J. Blisard, 
Paul O. Hoffman. 

Wo re, JoHN K., Manager, Advance Degree 
Personnel, General Electric Company, New 
York, New York. M. M. Boring, W. 
Scott Hill. 

YouNneMAN, Lester A., Associate Professor 
of Physics and Engineering, Pan Amer- 
ican College, Edinburg, Texas. W. Leigh- 
ton Collins, W. M. Lansford. 


51 New members this list 
111 Previously added 


162 New members this year 


Section 


Allegheny 


Illinois-Indiana 
Kansas-Nebraska 
Michigan 

Middle Atlantic 
Missouri-Arkansas 


National Capital 
Area 


New England 


North Midwest 


Ohio 


*Pacific Northwest 


Pacific Southwest 
*Rocky Mountain 


Southeastern 


Southwest 


Upper New York- 
Ontario 


Members of the Society are welcome at all Section Meetings 
* No Date Set. 


Section Meetings 


Location of Meeting 


Carnegie Institute of 
Technology 


Purdue University 
University of 
Nebraska 
Wayne University 
New York University 
St. Louis University 
Capital Radio 
Engineering 
Institute 
University of Maine 


South Dakota 
State College 


Ohio State University 


California Institute 
of Technology 
Denver University 
Tulane University 

Texas Western 


College 


Syracuse University 
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Dates 
April, 1956 


May 12, 1956 

Oct. 22-23, 
1955 

May 6, 1956 

Dee. 3, 1955 

April 7, 1956 


Oct. 11, 1955 


Oct. 8, 1955 


Nov. 4-5, 1955 


April 28, 1956 


Dee. 28-29, 


1955 


April 5, 6, 7 


March 30-31, 


1956 


Oct. 14-15, 
1955 


Journat or ENcrNEERING Epucation, Nov., 


Chairman of Section 


J. W. Graham, Jr, 
Carnegie Institute of 
Technology 

O. W. Witzell, 
Purdue University 
J. K. Lupwicxsoy, § 
Kansas State Colleg 
G. H. Howell, 
Wayne University 
C. C. Carr, 
Pratt Institute 
J. B. Macelwane, 
St. Louis University 
D. C. Jackson, Jr, 
Aberdeen Proving 
Ground 
W. S. Davis, 
University of Maine 
L. L. Amidon, 
South Dakota State 
College 
E. C. Clark, 
Ohio State Universiji 
J. B. Morrison, 
University of 
Washington 
R. G. Moses, 
Pasadena City College 
W. H. Parks, 
University of Denvefhutti 
D. W. Dutton, yng 
Georgia Institute of 
Technology 
H. K. Bone, 
University of 
Oklahoma 
B. H. Norem, 
Syracuse University 
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f Section 


m, Jr, 
stitute of 


| New G-E adjustable-blade 
multistage axial-flow fan 


ty College 
eneral Electric’s new adjustable-blade 
axial-flow fan with d-c cradled 


n, iymamometer is designed so students can 
‘itute of [ow study the basics of fluid flow and en- 
y My transfer as occurring in axial-flow turbo- 

machinery. One of the most versatile turbo- 
f hachines built for fluid mechanics laboratory 


ok, this unit features: 
Single-stage or two-stage operation. 


Ly Adjustable stator and rotor blade angles. 


liversity 


@ Variable voltage d-c drive permitting test 
speeds ranging from 500 to 3000 rpm. 


@ Direct measurement of h 
ments under all test conditions by oe 
cradled dynamometer. 


For further information, see your nearest 
G-E Apparatus Sales representative or write 
for bulletin GET-1982, General Electric Co., 
Section 688-7, Schenectady 5, N. Y. 


Progress /s Our Most Important Product 
GENERAL ELECTRIC 


4 
5 
rersi ‘ 
rsity 
CKSON, § | 
< 
Nov., 198 


IN POWER... CONSTRUCTION... MANUFACTURING 


There’s Opportunity 
at ALLIS-CHALMERS 
for Your Graduates 


As one of the leading manufacturers of equipment for 
the world’s basic industries, Allis-Chalmers presents 
opportunities in many fields. 


The Allis-Chalmers Graduate Training Courses program of- 
fers up to two years of theoretical and practical training in: 


Research Production 
Engineering Sales 


and covering a broad industry range including: 


Electric Power Agriculture 
Mining Steel Production mo 
Chemical & Food Processing Atomic Energy aus The 
Get more information about Allis-Chalmers unique Grad- cording of 
uate Training Courses from the Allis-Chalmers representa- PiStrobote 


tive visiting your campus... or write Allis-Chalmers, 
Graduate Training Section, Milwaukee 1, Wisconsin. 


BASIC INFORMATION chout Allis-Chalmers GTC 


THE COURSE—Established in 1904, program, developing his abilities 
it has been used as a model for in the direction his interests lead 
industry since that time. him. 


OPERATION — Maximum 24 OBJECTIVES—Program is designed 

months—length and type of to put the right man in the right 

training is individually planned. job and to develop men of man- 

Trainee is advised by competent agement potential. 

RESULTS— Many members of Allis- 
Chalmers management team are 

OPTIONS—Trainee selects hisown graduates of this course. -4820 
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and Impedance 
keep UNIVAC on 


Using the Strobotac, an engineer of The Franklin Life 
Insurance Company checks the servo-controlled magnetic 
tapes which feed data to Univac’s complex computing cir- 
cuits. The tape speed must be 100 inches per second. Any 
significant variation from this speed could cause faulty re- 
cording of basic information with possible inaccurate inter- 
pretation and results. 

Strobotac readily shows even the minutest change of 
= Adjustments can be made on the spot and costly 

‘down time” is held = a minimum. 

* 


Strobotac er. as a research, development or maintenance 
tool will “stop” cyclic motion at speeds from 400 to 100,000 
rpm. Mis-alignments, slipping belts, worn or broken parts 
and other mechanical defects which are impossible to see 
with the unaided eye while they are in motion, are readily 
observed under stroboscopic light. Because there is no physi- 
cal link between the Strobotac and the rapidly moving sub- 
ject, there is no “drag” to impair the accuracy of the ob- 
servation. 

Compact, ready to operate (a single knob controls the 
flashing rate), Strobotac operates from any 115-volt, 60-cycle 
source. Range as electrical tachometer is 60 to 100,000 rpm. 


est Street 

8055 13th St., Me WASHINGTON. D.C. 
130 York 
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is indicated, 

Bernard 
tock, 

The Franklin Life 


ts when a failure 


the Job... 


Checking one of the 252 mercury-tank memory crystals 
in Univac, engineer measures capacitance to ground with 
basic accuracy of 1%. 

Under normal circumstances, each crystal has 20-30 
uuf of capacitance with respect to its support. Should a 
crystal suffer physical damage, there is invariably a cor- 
responding change in capacitance. This change is meas- 
ured conveniently and reliably with the General Radio 
Impedance Bridge. 

* * * 

Type Impedance Bridge . + Versatile Induc- 

tance — self- 


including built-in standards and power Accurate, 
direct reading and always ready for use, it Y 

Resistance: 1 milliohm to 1 —_ 

Capacitance: 1 (0 100 microfarad: 

Inductance: 1 microhenry to 100 we 

Dissipation Factor: (R/X) from .002 to 1 

Storage Factor: (X/R or Q) from .02 to 1000 

Four internal dry cells are the d-c power source and drive a 1000- 

cycle hummer for a-c 
used for d-c balance; terminals are provided for external headset (not 
supplied with instrument) for a-c null detection. 


WE SELL DIRECT 


Mass. 


pals FOB Cambridge 
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US as it ming as much to 

troblotac 
ridge 
| 
| Type 650-A impedance $260 
Combridge 39, U.S.A.  _ 
| 
1000 N. Seward St. LOS ANGELES 38 = ie 
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offers 


long-range 


engineering careers 


Scores of Boeing engineers today are 
enjoying intriguing and rewarding 
careers because of sound advice 
given them 10, 15 or 20 years ago by 
their college professors and place- 
ment officers. 


, Today your students will find in 
aviation—and Boeing still greater 
opportunity and growth potential. 

Boeing today employs more engi- 
neers than at the peak of World War 
II. One out of each seven employees 
is an engineer! And stability has long 
marked an engineering career here. 
Forty-six per cent of Boeing engineers 
have been with the company for more 
than five years; 25% for more than 
10 years; 6% more than 15 years. 
There are a number with 20, 25 and 
even 30 years’ service. 


What kind of work does Boeing 


offer? Opportunity lies in three basic 


areas: Research, Design and Produc 
tion. Programs include multi-jet 
bombers, America’s first jet transport, 
the Bomarc pilotless aircraft guided 
missile system; application of nuclear 
power and supersonic flight. ; 


Boeing is continually seeking er- 
gineers of ability—electrical, civil 
mechanical, aeronautical and related 
fields, as well as physicists and mathe 
maticians with advanced degrees. 


Engineers are encouraged to take 
daytime graduate studies during 
working hours and are reimbursed 
for all tuition expenses. May we sent 
you—or any of your students—a¢ 
ditional information about engineer 
ing careers at Boeing? Just write: 


JOHN C. SANDERS, Staff Engineer — Personnel, 
Boeing Airplane Company, Seattle 14, Wash. 


BOLING 
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ELECTRONICS 


easy to teach 
easy to learn 


with the New, LOW COST 


Kit...Model 50-A 


YOU TEACH BY VISUAL EXPERIMENT 
-YOUR STUDENTS LEARN BY DOING 


@ Here's another important “first” from 
Crow Electri-Craft—electronics by visual 
experiment! This unique new kit is designed 
for students who have completed the Be- 
ginners’ Electricity course with Crow Electri- 
Kit Model 41-B or equivalent training. It 
permits them to advance immediately into 
the study of electronics. They learn by 
doing; that is, they verify electronic prin- 
ciples by building their own operating as- 
semblies . . . the most fascinating and ef- 
fective instruction method ever devised. 


Model 50-A contains 82 precision-made 
components—everything needed to per- 
form 60 experiments in electronic funda- 
mentals, A 275-page, illustrated manual in 
worksheet form is also included. It guides 
students step-by-step .. . shows what parts 
are needed for each assembly, how to set 
it up, and how the theory involved is put 
to practical use. 


This Basic Kit provides a solid foundation 
for further training in specialized electronic 
fields—Radio Transmitting and Receiv- 
ing, Industrial Electronic Circuitry, or 
Basic Radar and Television Circuitry. All 
of these principles are covered in the Crow 
Electronic Tubes, Circuits and Devices Kit 
(Model 53) available soon. 


60 Operating Assemblies 


Capacitors Voltage Dividers 

se 

Frequency Multipliers e Resonant Circuits 
Electrical Indicating Instruments 

Rectifiers « Fly-back Voltage Supply Principles 


les Kit Mode 
82 parts including precision meter {2:1%), © 
recision resistors, coils, potentiometer, 
capacitor bank, etc., plus 275-page 
manual. All parts mounted for use with 
“Kwik-Klip" solderless. connectors. Supplied 
in sturdy corrugated case... $87.30 


Hardwood Carrying Case 
For Model 50-A. Hos pegboard top and slip 
hinges. Can be used as baseboard for ex- 


For those who already own Model 41-8 
Electri-Kit. Some os Model 50-A (above) 
with all 41-B components omitted. - 50 


Write for bulletin describing CROW 
Basic Electronics Kit Model 50-A. 
BUILD YOUR ELECTRICAL AND ELECTRONIC 
COURSES AROUND CROW EQUIPMENT 


CROW ELECTRI-CRAFT CORP. 


7 

eee 
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Who Teaches 


S° far as we know, there is no 
engineering course specifically 
labeled “Ingenuity”—yet it’s being 
taught all over the land. 


Asa recent issue of General Motors 
Engineering Journal pointed out— 
“*. .. Ingenuity is one of our criti- 
cal national resources. It is the 
ingredient that transforms engi- 
neering into a creative function— 
that advances technology into 
unexplored areas—that opens new 
doors for the industrial designer 
—that puts new magic into mass- 
production processes.” 

“Basically, ingenuity is an atti- 
tude of mind,” continues this lead 
editorial. “It can be cultivated in 


young minds free of standardized 
ideas. Engineering students can 
cultivate it well under the guid- 
ance and stimulation of professors 
who view students as more impor- 
tant than courses.” 


That quotation from the GM 
Engineering Journal tells you 
many things. It tells you of our 
deep-seated respect for creative 
engineering, and for those who 
teach it. It tells you the kind of 
young men we constantly seek, 
and why they tend to make prog- 
ress with us. 

And, finally, it goes a long way to- 
ward explaining why GM leads in 
so many technical fields. 


GENERAL MOTORS CORPORATION 


Personnel Staff 
Detroit 2, Michigan 
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IN RESEARCH 


Meeting the opportunities 
of tomorrow 


The opportunities for the engineer 
in the automatic control field are 
unique in their variety and the insight 
provided into all of the industries of 
tomorrow’s super-modern world. 

The photos you see here symbolize 
a very few of the fields for which 
Honeywell’s several divisions build 
controls. 

These controls are made possible 
by the creative imagination of highly 
trained engineers working with the 
very latest research and test facilities. 
We have positions open in many areas 
right now. 

With twelve separate divisions 
located throughout the United States 
and with factories in Canada, England 


and Europe, Honeywell offers un- 
limited opportunities in a variety of 
challenging fields. Based on diversifi- 
cation and balance between normal 
industry and defense activities, 
Honeywell will continue to expand. 

That is why we are always looking 
for men with ideas and imagination 
and the ambition to grow with us. In 
addition to full time engineering and 
research employment we offer a Co- 
operative Work Study program, a 
Summer Student Work Study pro- 
gram and we sponsor Graduate 
Fellowships in a number of leading 
universities. For full information write 
Honeywell, Dept. JE-11-43, Minne- 
apolis 8, Minnesota. 


Divisions: Appliance, Aeronauti- 
cal, Commercial, Doelcam, Heat- 
ing Controls, Heiland, Industrial, 
Marine, Micro Switch, Ordnance, 
Transistor, Valve. 


Executive offices: Minneapolis, Minn. 


Honeywell 
Fiat 


ized 
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Telephone science produces an important new rectifier 


At Bell Laboratories one line of research 


is often fruitful in many fields. Latest ex- 
ample is the silicon power rectifier above. 


Product of original work with semi-con- 
ductors—which earlier created the transistor 
and the Bell Solar Battery—the new rectifier 
greatly reduces the size of equipment needed 
to produce large direct currents. It is much 
smaller than a tube rectifier of equal per- 
formance. It does not require the bulky cool- 
ing equipment of other metallic rectifiers. 


In the Bell System the new rectifier will 
supply direct current more economically for 
telephone calls. It can also be adapted to 
important uses in television, computers, in- 
dustrial machines, and military equipment. 
Thus, Bell Telephone Laboratories research 
continues to improve telephony — while it 
helps other fields vital to the nation. 


Above, new rectifier (held in pliers) is com 
trasted with comparable tube rectifier and its 
filament transformer, rear. Mounted on a cook 
ing plate, lower center, the new rectifier caf 
easily supply 10 amperes of direct current at 
100 voits, that is, 1000 watts—enough to power 
350 telephones. 


BELL TELEPHONE LABORATORIES 


Improving telephone service for America provides careers for creative men in scientific and technical fields 
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MODERN MANUFACTURING PROCESSES 
By JOE L. MORRIS, Georgia Institute of Technology 


This new book is simple enough in ter- 
minology so it can be easily read and 
understood by any average high school 
graduate, yet it is thoroughly suitable 
for use in engineering schools. It covers 
the processing of commercial metals as 
well as the working of plastics. Chap- 
ters are grouped around the major 
stages in processes in manufacturing— 


533 pages °* 


refining, casting, machining, rolling or 
forging, and final machining. 


The book covers in detail each step in 
measuring, testing and otherwise in- 
specting that must be carried out both 
in processing and manufacturing. Help- 
ful teaching aids include a bibliography, 
lists of instruction films, and review 
questions for each chapter. 


554.2 843" + Published 1955 


HANDBOOK OF INDUSTRIAL ENGINEERING 


AND MANAGEMENT 


Edited by W. GRANT IRESON, and EUGENE L. GRANT, Stanford 


University 

The most comprehensive compendium 
in its field, this authoritative new hand- 
book is invaluable as a reference for 
management and industrial engineering 
students, and is also outstanding as a 
text for the first or later course in 
management. 


1203 pages 


Each chapter is an information unit 
which the student can understand with- 
out referring elsewhere. Yet handy 
cross-references help him quickly locate 
related topics in other sections, or tell 
him where to find added details on 
certain points. 


6" 29" + Published 1955 


NETWORKS, LINES AND FIELDS, 2nd Ed., 1955 
By JOHN D. RYDER, Dean of Engineering, Michigan State College 


This expanded, up-to-date revision of a 
widely used textbook features an abun- 
dance of new material, including cover- 
age of the power operations of the line. 


Three new chapters include: chapter 8— 
on the line as used at power frequencies; 
pee pra 13—on basic antenna theory 
and simple antenna types, and chapter 


560 pages 


5—on the determination of parameters 
of polyphase lines. In a logical step- 
by-step approach, the author introduces 
vector notations into the material on 
fields, and includes new material on 
network manipulation and design, reac- 
tive network, and Foster’s reactance 
theorem and canonic networks. 


554 28%" + Published 1965 


In THE ELectTRICAL ENGINEERING SERIES, 
W. L. Everitt, Editor 


ENGINEERING MECHANICS, 2nd Edition 


By ARCHIE HIGDON, U. S§S. Air Force Academy, and WILLIAM B. 
STILES, University of Alabama, in collaboration with ARTHUR W. DAVIS 
and HERBERT O. USTRUD, Iowa State College 


Already the most widely used text in its 
field, this new Second Edition has been 
made even more valuable through 8 
complete revision. New features in- 
clude: larger type and larger illustra- 
tions—illustrations have been improved 
and many new ones added—chapters on 
resultants, equilibriums and kinematics 


pages 


have been reorganized for ease of stu- 
dent learning—better figures and more- 
practical examples—material on Mohr’s 
Circle—a new chapter on Virtual Work 
—over 40% of the more than 1,100 prob- 
lems are new and answers to half the 
problems are given. 


6" 29" + Published 1956 


In THe Prentice-Hauu Civin ENGINEERING & ENGINEERING MECHANICS SERIES, 
N. M. Newmark, Editor 


copies urrife 


ENGLEWOOD CLIFFS 
Prentice-Hall, New Jersey 
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Two new texts for your surveying courses . . . 


By PHILIP KISSAM 


Princeton University 


SURVEYING: Instruments and Methods for 
Surveys of Limited Extent 
NEW SECOND EDITION la press 


A thorough revision of one ‘of the leading texts for surveying in all branches of 
engineering. Major emphasis is given to theory and basic principles. Exact and 
complete derivations are used and the principles are rigidly defined and illustrated. 
The best field methods are described in detail. New chapters cover “Optical Tool- 
ing” and “The Elements and Use of Aerial Photographs.” [Illustrations are revised 
to show new and improved equipment. Basic surveying methods are presented 
fully and the construction, theory, and use of the transit and level are emphasized. 


SURVEYING FOR CIVIL ENGINEERS In press 


The high-level volume following the author’s previous book, SURVEYING... 
covering every special finstrument, special technique, and survey procedure or 
operation that might be successfully employed to save time and money. It pro- 
vides the means for conducting important surveys so that they will be more 
complete and accurate and at the same time require less time and money. 
Describes new instruments and new procedures and demonstrates older pro- 
cedures. The mathematical background of each topic is carefully developed. 


Two outstanding new works from 
The McGraw-Hill Electrical and Electronic Engineering Series 


By SAMUEL SEELY 


Syracuse University 
RADIO ENGINEERING In press 


The first of two companion volumes, this text discusses in considerable mathematical 
detail the essential processes and circuits whieh are of importance in the field of 
radio communications. It begins with a general discussion of the important methods 
of communication, and then expands in detail the more important aspects of the field. 
Emphasis is on the physical and mathematical analyses, so as to build up in the stu- 
dent an understanding of fundamentals underlying the broad field of communication. 


ELECTRONIC ENGINEERING In press 


This volume provides a physical and mathematical discussion of electronic circuits 
which are important in almost every field of electronic engineering exclusive of the 
radio field. The book includes a general introduction to tubes and tube circuit 
principles. Then follows a detailed consideration of the more important electron 
tube circuits. Emphasis is on the physical and mathematical analyses. Develops in 
the student a solid understanding of the techniques of analysis, the special features 
of the many circuits examined, the means for combining circuits of different types in 
order to achieve required operational results. 


SEND FOR COPIES ON APPROVAL 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 36, N. Y. 
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